This  document  has  been  approved 
for  public  release  and  sale;  its 
distribution  is  unlimited.  _ 


i  nt  ; 

•*  ~r  i—  « 

KVgUEC  >  u  i 
L.  OCT  7  '98' 


DEPARTMENT  OF  THE  AIR  FORCE 
AIR  UNJVERSITY  (ATC) 

AIR  FORCE  INSTITUTE  OF  TECHNOLOGY 


Wrigbt-Patterr.on  Air  Force  Base,  Ohio 


Best  Available  Copy 


1  hu 


AN  investigation  into  a  methodology 

TO  INCORPORATE  SKILL  LEVEL  EFFECTS 
INTO  THE  LOGISTICS  COMPOSITE  MODEL 

Robert  Garcia,  First  Lieutenant,  USAF 
Joseph  P.  Racher,  Jr.,  Captain,  USAF 


LSSR  29-81 


Tha  contents  of  tha  document  are  technically  accurate,  and 
no  sensitive  items,  detrimental  ideas,  or  deleterious 
information  are  contained  therein.  Furthermore,  the  views 
expressed  in  the  document  are  those  of  the  author (s)  and  do 
not  necessarily  reflect  the  views  of  the  School  of  Systems 
and  Logistics,  the  Air  University,  the  Air  Training  Command, 
the  United  States  Air  Force,  or  the  Department  of  Defense. 


AFIT  Control  Number 


AFIT  RESEARCH  ASSESSMENT 

The  purpose  of  this  questionnaire  is  to  determine  the  potential  for  current 
and  future  applications  of  AFIT  thesis  research.  Plesse  return  completed 
questionnaires  to:  AFIT/LSH,  Wr ight-Patterson  AFB,  Ohio  45433. 

1.  Did  this  research  contribute  to  a  current  Air  Force  project? 

a.  Yes  b.  No 

2.  Do  you  believe  this  research  topic  is  significant  anough  that  it  would 
have  been  researched  (or  contracted)  by  your  organization  or  another  agency 
if  AFIT  had  not  researched  it? 

a.  Yes  b.  No 

3.  The  benefits  of  AFIT  research  can  often  be  expressed  by  the  equivalent 
value  that  your  agency  received  by  virtue  of  AFIT  performing  the  research. 
Can  you  estimate  what  this  research  would  have  cost  if  it  had  been 
accomplished  under  contract  or  if  it  had  been  done  in-house  in  terms  of 
manpower  and/or  dollars? 

a.  Man-years  _  $  _  (Contract)  . 

b,  Man-years  _  $  _ _____  (In-house). 

4.  Often  it  is  not  possible  to  attach  equivalent  dollar  values  to  research, 
although  the  results  of  the  research  may,  in  fact,  be  Important.  Whether 

or  not  you  were  abie  to  establish  an  equivalent  value  lot  this  teaearch 
(3  above),  what  is  your  estimate  of  its  significance? 

a.  Highly  b.  Significant  c.  Slightly  d.  Of  No 

Significant  Significant  Significance 

I 

5.  Comments: 


ru.'^ 1/  yunLi  vm 


.FIT/  LSH 

UCHT-MTTIRMM  An  CM  44423 
c  *neui.  kimmcm 

(MAtn  rot  MHVATS  Mr.  ItM 


NO  POSTAOS 
NKlUAiy 
if  mai Leo 
IN  THC 

UNITED  STATU 


BUSINESS  REPLY  WAIL 

nwreum  nmrr  no.  n»  ■winwim  ».u. 
POCTAOC  W1U  M  PAID  IT  ASODMIl 

afit/daa 

Wrijht-PitUnoa  AFB  OH  45;  33 


/ 


FOLD  IN 


W*  1 


(V 


00) 


UNCLASSIFIED _ 

SECURITY  CLASSIFICATION  OK  THU  RAGe  fWTm,  Ow.gnCfd^ 

REPORT  DOCUMENTATION  PAGE  ~~~~ 

t.  HEPORT  HUM»eR  2.  <  OVT  -CCESSION  NO 

f  -LSSR-29-81 _ \A  A- 

4.  TitlE  luMtll.) 

AN  INVESTIGATION  INTO  A ^KTHQDOLOGY  TO 

Incorporate  skill  jlevel  Jffects  into  the 
Logistics  compos i-ra^pDEi^, 

7.  AUTHORfAJ 

Rober tj Gar c ia i  First  Lieutenant,  USAF 
Joseptf  P .J Racher,  Jr*',  Captain,  USAF 

•  .  PERPORMINO  ORGANIZATION  KWt  AN 0  A00RE5I 

School  of  Systems  and  Logistics 

Air  Force  Institute  of  Technology ,WPAFB  OH 


Jire  READ  INSTRUCTIONS 

_ _ BEFORE  COMPLETING  FORM 

2.  C  OVT  .CCESSION  NO-  3  RECIPIENT'S  C  AT  AUOGI .  JMEER 


<1.  CONTROLLING  OCE1CE  NAME  AND  ADDRESS 

Department  of  Conanunication  &  Humanities 
AFIT/LSH,  WPAFB  OH  45433 


3,  TYPt  OF  RfcPORT  4  PERIOD  COVERED 

Master's  ^hesiSj 

«.  PEP>9PminG  otq. 'reporV  numeep 


*.  CONTRACT  OR  GRANT  NU.I«Ef!f*] 


10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  1  WORK  UNIT  NUMBERS 


l  )  i  u 


14,  MONITORING  AGENCY  NAME  4  A0QRES3(il  diHarmnl  (ram  Centreing  Ottlcm) 


V^J^EPORT  OATI 

/ft)  June  198]/ 

u/hUWCR  OPT»nrfti 

_ _  ___179 _ 

Ip  '*■  SECURITY  CLASS,  (j/  I M»  I 


UNCLASSIFIED 

OECLASSiEiLATION^OOCNGRaOING 

schedule 


I  IS.  DISTRIBUTION  ST  ATCUEH  f  till,  Rforl) 


Approved  for  public  release;  distribution  unlimited 


[yy.  DISTRl BUTIOM  STATEMENT  (a l  tka  abatrm.'  mtand  In  Black  JO,  dltlarmU  tram  Zaocr.) 


Air  Fores  uf  Technoiojy  (ATq 

'**ri4,  ;-PaUetsoi  o'**.  OK  <5433  | 

!';■  T.'TJCT.l^aiot,  OS*? 


iUFPUEMEMTARY  MOTES 


22  JuL  iS3i 


APPROVED  FOR  PUB.JC  RELEASE  AFR  19<117. 


■  11  ■  ■■■  ■-  1  Ml  ■  I.  —  ■  t mm  m  >n  ■  »£ 

I  If.  KEY  WORDS  'CMKfau*  am  rararta  aid*  It  naaaaaaay  and  i  dart  tty  By  Nk«  in«6«j 


i  lie  Attains 


Logistics  Composite  Model  (LOOM) 
Comprehensive  Occupational  Data 
Analysis  Program  (CODAP) 

Q-GERT 

Simulation 


Skill  la  el 
Prod  activity' 
Performance  Measures 
On-the-Job  Training 
Aircraft  Maintenance 


120.  AMTRACT  fConUir**  an  rarataa  aida  H  nntaaamy  mad  IdanUty  by  Mea'i  naihrl 


00  i  j ah-7j  14/3  «o*noM  or  *  nqv  «t  is  oasoueri 


UNCLASSIFIED 

•PCURIYY  CLASSIFICATION  OP  THIS  PAGE  fW>«.  Omi  EmotwA 


UNCLASSIFIED _ 

»CCUWtTY  CLAMIFICATIOH  OP  Th|*  PAO«fWI»«l  Dim  blm« 


The  Logistics  Composite  Model  (LCOM) ,  a  major  part  of  the  USAF 
maintenance  manpower  determination  process,  should  be  capable  of 
providing  information  on  the  relationship  between  the  workcenter's 
performance  and  skill  lev< 1  effects.  This  thesis  investigates  a 
methodology  for  incorporation  into  LCOM,  which  captures  this 
relationship  and  I'seasures  the  effects  which  skill  mixture  has  on 
the  workcenter 1 s  performance.  A  Q-GERT  structural  model  of  the 
workcenter  was  developed  as  a  guide  for  understanding  the  skill 
level  effects  which  are  needed  in  this  LCOM  methodology .  The 
developed  LCOM  methodology  took  each  of  the  tasks’  mean  task  times 
associated  with  each  skill  level  and  training  situation,  and 
weighted  the  task  time  with  the  respective  probability  of  that 
task  situation  occurring.  Specific  areas  of  investigation 
involved  a  regression  predictor  model  to  quantify  3~level  task 
times,  a  quantification  procedure  for  determining  the  on-the-job 
training  workload  and  the  probability  of  a  training  situation,  and 
determination  of  the  probability  that  a  task  will  be  performed 
by  a  3-Ievel  or  5-level  technician,  using  information  from  the 
Comprehensive  Data  Analysis  Program  which  provided  job  descrip¬ 
tions  for  each  skill  group.  The  simulation  results  showed  that 
skill  mixture  effects  have  a  distinguishable  impact  on  the  work- 
center  ’  s  performance . 


UNCLASSIFIED 


itCtlRlTY  CLAlWPlCATlO*  OP  T«'»  Dim  Imo  c 


LS  SR  29-81 


AN  INVESTIGATION  INTO  A  METHODOLOGY  TO  INCORPORATE 
SKILL  LEVEL  EFFECTS  INTO  THE  LOGISTICS 
COMPOSITE  MODEL 


A  Thesis 

Presented  to  the  Faculty  of  the  School  of  Systems  and  Logistics 
of  the  Mr  Force  Institute  of 'Technology 
Air  University 

In  Partial  Fulfillment  of  the  Requirements  for  the 
Degree  of  Master  of  Science  in  Logistics  Management. 


By 


Robert  Garcia,  3A 
First  Lieutenant,  USAF 


June 


Joseph  P 
Captain, 


19  81 


Approved  for  public  release; 
distribution  unlimited 


This  thesis,  vritten  )  y 


First  I Leute iant  Robert  Garcia 
and 

Cctpta in  Joseph  I*.  Racher,  Jr. 

has  been  accepted  by  the  undersigned  on  behalf  of  the  fac¬ 
ulty  of  the  School  of  Systems  and  Logistics  in  pe.rtial  ful¬ 
fillment  of  the  recuiremonts  for  the  degree  of 

FASTER  OF  SCIENCE  IN  LOGISTICS  MANAGEMENT 

DATe:  1.7  June  1 9  €-1 


/ 

\vL'- 


r 


COMMITTEE  CHAIRMAN 


ACKNOWLEDGMENTS 


We  wish  to  express  our  sincere  appreciation  to  each 
of  our  wives,  Connie  and  Barbara,  for  all  of  their  support 
and  understanding  throughout  the  days  and  nights  spent 
working  on  this  thesis.  A  special  thanks  to  our  thesis 
advisor.  Lieutenant  Colonel  Tom  Clark,  for  guiding  us 
through  this  research  and  allowing  us  the  freedom  to  follow 
our  own  ideas  in  pursuit  of  this  thesis.  Thanks  also  to 
Dick  Cronk  and  the  ASD  LCOM  team  for  providing  us  technical 
expertise  in  the  Logistics  Composite  Model,  and  to  Dr.  Henck 
Ruck  and  Airman  Lou  Datko  from  AFHRL  for  providing  us  with 
invaluable  information  from  the  Comprehensive  Occupational 
Data  Analysis  Program..  Also,  much  gratitude  to  Major  Charles 
Ebling  and  the  HQ  TAC  LCOM  Manpower  Team  for  sponsoring  our 
research.  And  finally,  thanks  to  our  typist  Dee  Babiarz 
for  her  help  in  formating  this  thesis  and  for  her  graphical 
talents  in  displaying  the  figures. 


iii 


TABLE  OF  CONTENTS 


Page 

ACKNOWLEDGMENTS  .  iii 

LIST  OF  TABLES . vii 

LIST  OF  FIGURES .  ix 

Chapter 

1.  OVERVIEW .  1 

Problem  Statement  .  3 

Justification  „  .  4 

Background  .  4 

Literature  Review  .  9 

Research  Objective  .  12 

summary .  13 

2.  CONCEPTUALIZATION  .  17 

Conceptualization  of  the 

Maintenance  System  .  19 

Structural  Model  Development  .  25 

Input  and  Evaluation  Measurements  .  38 

Summary  , . 41 

3.  THE  LCOM  METHODOLOGY .  44 

Application  of  Structural  Model 

to  LCOM .  47 

Procedures  for  Quantification  of 

3-Level  Task  Times . .  .  60 

Procedure  for  Quantification  of 

Skill  Level  Work  Probabilities .  61 


Chapter 


Page 


Procedure  for  Quantification  of 

Training  Probabilities  .  70 

Combined  Procedures  to  Form 

LCOM  Methodology  . . 72 

Research  Design  .  72 

Summary .  78 

4.  ANALYSIS  AND  FINDINGS  .  .....  80 

Analysis  of  Task  Time  Quantification 

Procedures  .  . .  80 

Analysis  of  the  Skill  Level's  Work 
Probability  Quantification 

Procedures . . . .  .  82 

Analysis  of  the  Training  Probability 

Quantification  Procedures  .  89 

Research  Design  Results  .  ,  92 

Summary . 100 

5.  CONCLUSIONS  AND  RECOMMENDATIONS  .  102 

Conclusions . 102 

Recommendations  for  Further 

Research  .....  .  108 

APPENDICES  . . 112 

A.  Q-GERT  NETWORK  SYMBOLS  .  113 

B.  CODAF  TASK  CODE  DEFINITIONS . 121 

C.  F-4E  OPERATIONAL  SCENARIO . 129 

D.  RESULTS  OF  THE  3-LEVEL  TASK  TIME 

QUANTIFICATION  PROCEDURE  .  135 

E.  REGRESSION  RESULTS  ON  THE  WORKCENTER 

PERFORMANCE  INDICATORS  .  141 

F.  RESULTS  OF  THE  WORK  PROBABILITY 

QUANTIFICATION  PROCEDURE  .  151 


Page 

SELECTED  BIBLIOGRAPHY  .  176 

A.  REFERENCES  CITED . 177 

B.  RELATED  SOURCES . 178 


vi 


LIST  OF  TABLES 


Table  Page 

2- 1.  Q-GERT  Transaction's 

Attribute  Definitions  .  30 

3- 1.  Applicable  LOOM  Selection  Mode 

Probability  Options  .  50 

3-2.  Applicable  LOOM  Maintenance  Action 

Codes  for  On- Equipment  Networks . 50 

3-3.  Indicator  Variable  Relationships  with 

Specific  NAV  Systems  and  Tasks . 62 

3-4.  Percent  Tim.e  Spent  Performing  Duties 
by  Skill  Level  Groups  in  the 

328X1  Career  Field . 65 

3-5.  Proposed  LCOM  to  CODAP  Mapping  Scheme  ....  68 

3- 6.  Two  Factor  Research  Design  Scheme 

for  Assessing  the  impact  of  Skill 
Mixture  on  the  Workcenter's 

Performance . 75 

4- 1.  Tank  Time  Predictor  Model  Results . 8  3 

4-2.  CODAP  to  LCOM  Mapping  Results  for 

Percent  Time  Spent . 85 

4-3,  Example  of  Joint  Probability  Table  & 

Conditional  Probability  Table 

Obtained  From  the  Probability 

Transformation  Process  Outlined  in 

Chapter  3  ....  . . 87 

4-4.  Skill  Mixture  Trends  in  the  Difference 
of  the  Marginal  Probability  Predicted 
by  CODAP  and  the  Calculated  Marginal 
Probabilities . 88 

4-5.  Delphi  Results  for  Qualification 

Requirements  for  3-Levels . 90 

4-6.  Training  Probabilities  for  the  Verifi¬ 
cation  Tasks  for  All  Navigation 
Systems . 91 

vii 


Table 


Page 


4-7.  Simulation  Results  for  8  Assigned 

Technicians  and  Skill  Mixture 

of  4.5 . 94 

C-l.  Mission  Scheduling  Factors  .  131 

0-1.  3-Level  and  5-Level  Task  Times . 137 


viii 


LIST  OF  FIGURES 


Figure  Page 

2-1.  MACRO  View  of  the  Maintenance  System 
As  A  Black  Box  Reacting  With  the 
Environment  20 

2-2.  Maintenance  Subsystems  and  Their 

Interactions  23 

2-3.  Q-GERT  Structural  Model  of  the 

Workcenter's  Workorder  Evaluation 

Activity  29 

2-4.  structural  Model  of  the  Workcenter's 

Resource  Assignment  Activity  32 

2-5.  Q-GERT  Structural  Model  of  the  Work- 

center's  Task  Activity  36 

2- 6.  How  a  Battery  of  Statistic  Nodes  Can 

Be  Inserted  Into  the  Q-GERT  Structural 
Model  To  Measure  Workcenter 

Performance  42 

3- 1.  Flow  Diagram  for  the  Areas  of  Discussion 

in  Chapter  3  45 

3-2,  LCOM  Network  Section  from  F-4E  Data  Base 
for  the  Radio  Navigation/Interrogator 
Set  (WUC  71S00)  System  49 

3-3.  Modified  LCOM  Network  for  the  Radio 

Navigation/Interrogator  Set  Showing 

How  the  Tasks  Can  Be  Broken  Out  Into  A 

3-LvL  Task  and  A  5-LvL  Task  52 

3-4,  Resource  Substitution  Scheme  as 

Input  on  the  Forms  12A  55 

3-5.  Sample  of  How  the  LCOM  Network  Can  Be 
Broken  Out  to  Incorporate  Training 
Tasks  Along  With  the  3-Level  and 
5-Level  Tasks  59 


ix 


Figure  Page 

3-6.  Job  Description  of  the  3-Level  Skill 
Group  Working  on  All  F-4  Models  in 
the  328X1  Career  Field  .  64 

3-7.  Flew  Diagram  of  Complete  LCOM  Method¬ 
ology  for  Investigating  Skill  Mixture 
Effects  On  the  Maintenance  Workcenter 
In  This  Research . 73 


x 


Chapter  1 


OVERVIEW 

The  importance  of  maintenance  manpower  requirements 
determination  cannot  be  overemphasized.  The  primary  objec¬ 
tive  of  this  determination  process  is  to  search  for  the  best 
mix  of  personnel  in  the  various  maintenance  Air  Force  Spe¬ 
cialty  Codes  (AFSCs)  in  order  to  maintain  a  desired  capability 
in  a  given  work  environment.  This  objective  is  strongly 
affected  by  the  cost  of  manpower.  Presently,  the  Air  Force 
is  using  the  Logistics  Composite  Model  (LCOM)  for  determining 
manpower  requirements  to  meet  this  objective.  LCOM  is  a 
large  scale  computer  simulation  model  that  simulates  all 
phases  of  aircraft  operations  and  main  supporting  functions 
at  base  level  (10:1-3).  Through  systematic  change  in  the 
manpower  structure  represented  in  LCOM,  one  can  observe  how 
these  changes  impact  the  overall  performance  of  the  complex 
maintenance  system.  In  this  way,  LCOM  aids  the  manpower 
analyst  in  making  decisions  on  how  to  structure  the  work 
force  for  a  given  maintenance  system  and  environment  (17:1). 

In  recent  years,  not  only  are  optimum  mixes  of  per¬ 
sonnel  in  different  AFSCs  important,  but  also  the  proper  mix 
of  skilled  personnel  within  each  AFSC  (7:1-10).  Without  the 
proper  proportion  of  skilled  technicians  to  unskilled  tech¬ 
nicians,  serious  problems  can  arise  in  the  area  of  work 


productivity/  on-the-job  training  and  overall  maintenance 
capability.  As  General  Lew  Allen,  Air  Force  Chief  of  Staff, 
stated, 

.  .  .  at  the  very  time  when  we  must  significantly 
upgrade  our  defense  capabilities,  we  are  confronted  with 
another  serious  blow,  the  decision  by  increasing  num¬ 
bers  of  our  people  to  leave  military  service  [14:22], 

Thfi  retention  problem  has  had  its.  largest  impact  on  the 
experience  level  of  the  work  force.  In  the  maintenance 
enlisted  career  fields,  the  loss  of  middle-grade  noncommis¬ 
sioned  officers  (NCOs)  is  significant  when  one  considers  that 
the  important  functions  of  training  and  supervision  are  pri¬ 
marily  their  responsibility  (14:20-25).  Furthermore,  these 
middle  grade  NCOS  possess  the  skill  knowledge  which  is  nec¬ 
essary  to  sustain  high  maintenance  capability  levels. 
Secretary  of  Defense  Harold  Brown  has  stressed  that  the 
quality  of  our  work  force  in  terms  of  how  skilled  and  experi¬ 
enced  its  members  are  has  a  direct  impact  on  the  readiness 
and  capability  of  our  forces,  both  home  and  abroad  (14:25). 
The  fact  is,  our  work  force  is  becoming  more  concentrated  in 
the  lower  skill  levels.  This  is  having  an  adverse  effect 
on  our  capability  (14:23). 

Because  of  the  Air  Force  retention  problem  today,  the 
available  manpower  resources  must  be  utilized  more  effi¬ 
ciently  than  ever  before  (9:5-9).  This  places  an  additional 
constraint  on  the  manpower  requirements  determination  process 
to  search  for  the  best  skill  level  mix  within  a  workcenter. 
This  mixture  should  maintain  high  maintenance  capability 
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standards  and  ensure  adequate  training  supervision,  and 
learning  progression  for  the  lower  skilled  members  of  the 
work  force  (1:6).  For  example,  a  workcenter,  which  requires 
highly  skilled  workers,  is  manned  with  many  lower  skilled 
workers  and  not  enough  higher  skilled  worker.*'.  The  work- 
center  will  probably  perform  below  r  .andards  because  the 
insufficient  number  of  skilled  workers  will  be  unable  to  keep 
up  with  the  workload.  Furthermore,  the  unskilled  workers 
will  not  obtain  the  necessary  instruction  from  the  skilled 
workers  to  become  productive  members  of  the  workcen  r.er .  The 
converse  of  this  situation  is  also  possible,  where  excess 
skilled  workers  are  assigned  to  the  workcenter  and  are  idle 
a  good  part  of  the  time.  These  hypothetical  situations 
stress  the  problem  which  n.—ipow'-.  c  managers  face:  in  order 
to  search  for  the  bext  mix  of  skill  level  manning  require¬ 
ments  within  a  workcenter,  one  must  understand  the  relation¬ 
ship  between  the  workcenter ’s  productivity  and  the  skill 
composition  of  its  work  force.  To  date  very  little  is  knrwn 
about  this  relationship  (8) . 

Problem  Statement 

At  the  present  time,  the  Logistics  Composite  Model 
does  not  distinguish  the  effects  on  a  maintenance  work- 
center’s  productivity  due  to  changes  in  the  skill  mixture 
composition  of  the  workcenter’ s  work  force.  In  order  for 
LCOM  to  be  an  effective  tool  in  determining  the  best  skill 
level  mixture  in  the  workcenter  for  handling  a  given 
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workload  situation,  a  methodology  must  be  incorporated  into 
LCOM  which  will  distinguish  skill  level  effects.  How  this 
methodology  can  be  developed  and  incorporated  into  LCOM  and 
what  affects  it  chows  on  the  workcenter's  performance  are 
the  primary  problem  areas  addressed  in  this  thesis. 

Justification 

Answers  to  the  above  problem  statement  will  provide 
a  general  understanding  of  the  dynamic  relationship  between 
the  workcenter's  productivity  and  the  skill  mixture  of  its 
work  force.  Furthermore,  this  study  will  provide  an  investi¬ 
gation  into  the  ability  of  LCOM  to  predict  the  workcenter's 
productivity  given  a  skill  level  mixture.  With  this  pre¬ 
diction  capability,  a  better  skill  level  mixture  can  be 
obtained  in  the  manpower  requirements  determination  process  . 

Background 

In  order  to  proceed  further  into  the  investigation 
of  the  effects  of  different  skill  level  mixtures  on  an  air¬ 
craft  maintenance  workcenter's  productivity,  one  ir'Vt  have 
a  better  understanding  of  what  productivity  is,  and  how  an 
individual’s  skill  level  can  affect  productivity.  (Skill 
level  is  a  skill  knowledge  and  ability  level  which  limits 
the  individual  to  specific  tasks  with  the  same  scope.) 

Simply  put,  productivity  is  a  ratio  of  output  to  input  of 
an  organization's  production  process.  The  larger  this  ratio 
is,  the  greater  the  organization's  productivity  will  be. 
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How  can  one  describe  these  outputs  and  inputs?  According 
to  Glaser,  "the  real  meaning  of  productivity  is  to  produce 
more  .  .  .  with  the  same  amount  of  human  effoit  [6:26]." 

This  perspective  stresses  that  productivity  concentrates  on 
the  worker's  efforts  as  the  inputs  and  the  product  of  this 
effort  as  the  output.  When  looking  at  productivity  in  this 
way,  the  human  effort  is  often  quantified  as  the  time  it 
takes  the  individual  to  produce  a  unit  of  output.  French  and 
Steele,  in  their  thesis  (1979)  ,  "Productivity:  A  Function 
of  Skill,"  state  that  productivity  is  not  only  a  ratio  of 
quantity  to  time  but  also,  the  output  should  possess  a  cer¬ 
tain  degree  of  quality.  Quality,  in  that  study,  is  the 
degree  of  conformance  to  design  specifications  or  task  pro¬ 
cedure  instructions  that  produce  a  unit  of  output  which 
performs  as  specified  (4:40)  One  should  not  view  attempts 
to  increase  productivity  as  only  finding  new  procedures, 
tools,  and  equipment  to  increase  man's  capability  to  produce 
more  per  unit  of  time.  One  must  also  take  into  account  a 
worker's  perfox,nance  within  the  production  system  to  produce 
a  quality  output  in  a  timely  manner. 

How  do  these  concepts  of  productivity  tie  into  a 
definition  of  productivity  for  an  aircraft  maintenance  work- 
center?  The  main  tasks  of  a  workcenter  include  trouble¬ 
shooting,  removing  and  replacing  components,  inspecting  air¬ 
craft  systems,  verifying  a  system  works,  repairing  on-aircraft 
malfunctions,  and  working  to  facilitate  other  maintenance. 
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The  output  from  the  workcenter  is  the  accomplishment  of  one 
of  these  main  tasks.  The  time  it  takes  the  technician  to 
complete  these  tasks  will  determine  how  many  taska  the  work- 
center  can  complete.  Also,  the  quality  with  which  a  worker 
completes  the  tasks  will  affect  how  many  discrepancies  the 
workcenter  will  have  to  accomplish  in  the  future.  A  poorly 

A 

accomplished  task  increases  the  probability  that  the  mainte¬ 
nance  task  will  be  repeated  again  soon. 

The  human  performance  implications  on  productivity 
are  evident  in  this  maintenance  context.  Just  what  causes 
an  individual's  performance  to  vary?  One  model  of  behavioral 
influences  on  performance  shows  that  an  individual's  motives 
and  abilities  are  the  two  primary  determinants  of  performance. 
The  learning  process  which  modifies  and  matures  the  person's 
motivation  and  abilities  over  time  is  based  on  feedback  from 
past  experiences  (16:46).  Motivational  behavior,  although 
important,  is  a  highly  qualitative  factor  which,  depending 
on  the  individual  and  the  work  environment,  has  a  wide 
variation  of  effects  on  individual  performance.  In  order  to 
deal  with  individual  motivation,  one  must  devise  a  scheme  of 
what  drives  individual  motivation  and  then  evaluate  the 
individual's  motivational  status  constantly.  This  is  beyond 
the  scope  of  this  study  and  the  Logistics  Composite  Model. 

For  this  research,  the  interest  is  in  developing  a 
general  representation  of  the  work  force  which  can  be  divided 
into  groups  of  technicians  with  the  same  average  ability 
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level  and  not  in  a  fractionalized  work  force  of  individually 
motivated  workers.  For  this  reason,  the  effects  of  motiva¬ 
tion  will  not  be  included  in  this  research  and  only  the 
ability  portion  of  the  individual's  behavior  will  be 
studied. 

Historically,  individuals  have  been  classed  according 
to  their  abilities:  apprentice,  journeyman,  and  craftsman. 
Likewise,  the  Air  Force  has  an  ability  classification  system 
for  its  personnel.  It  is  a  skill  level  designation  of  1,  3, 
5,  7,  ana  9  level  where  1  is  an  entry  level  (completely 
unskilled  in  the  abilities  required  for  his  job) ,  3  is  an 
apprentice,  and  so  on  up  to  9  which  is  a  supervisor.  These 
skill  level  designators  signify  that  a  person  has  the  neces¬ 
sary  abilities  to  successfully  complete  certain  maintenance 
tasks.  A  3- level  is  a  person  with  elementary  abilities 
within  his  specialty  area.  In  principal  then,  higher  the 

skill  level  a  person  has,  the  more  complex  and  diversified 
are  his  abilities.  In  this  regard,  the  ability  of  the 
maintenance  technician  will  determine  to  a  great  extent  how 
he  performs  the  maintenance  tasks.  If  the  technician ' s 
abilities  are  lacking,  it  will  take  the  individual  longer  to 
do  the  task,  and/or  the  individual  will  create  more  errors 
in  performing  the  task  thus  reducing  the  quality  of  the 
final  output.  Inherent  in  the  Air  Force,  skill  level 
structure  is  a  distinction  in  abilities  between  a  3- level 
and  5-level;  a  5-level  has  more  abilities  than  a  3-level. 
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A  group  which  is  composed  of  a  certain  mixture  of  3  and  5- 
levels  will  have  a  group  productivity  level  based  upon  that 
mixture  of  abilities.  For  this  reason,  a  group  with  a  cer¬ 
tain  mixture  of  3  and  5-levels  will  possess  a  different 
group  productivity  level  than  one  with  another  skill  level 
mixture  (motivation  factors  disregarded) . 

Together  with  the  individual  performance  differences, 
dictated  by  the  skill  levels  of  the  group  members,  the 
group's  requirement  to  provide  resources  necessary  to  train 
the  lower  skilled  individuals  will  also  have  an  impact  on 
the  productivity  of  the  group.  The  effectiveness  of  the 
training  effort  depends  upon  the  emphasis  which  management 
places  on  training  versus  maintenance.  A  greater  amount  of 
time  spent  training  reduces  the  amount  of  time  available  for 
maintenance.  The  choice  between  emphasizing  training  or 
maintenance  determines  how  effective  the  training  program 
will  be  in  helping  a  3- level  progress  to  a  5- level  (a  more 
productive  group  member) .  Quite  often,  training  emphasis  is 
inversely  related  ho  the  size  of  the  workload  (5:1-5). 

In  summary,  the  productivity  of  a  maintenance  work- 
center,  with  a  particular  skill  level  mix,  will  be  determined 
by  three  factors:  (1)  how  long  it  takes  various  individuals 
in  that  workcenter  to  complete  various  tasks;  (2)  the  quality 
of  completed  tasks;  and  (3)  the  training  progress  of  the 
workcenter. 
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Literature  Review 


There  have  been  two  studies  which  specifically 
investigated  the  problem  of  how  productivity  is  affected  by 
different  mixtures  of  skill  level.  French  and  Steel,  in 
their  thesis  (1979),  "Productivity:  A  Function  of  Skill," 
attempted  to  determine  the  productivity  potential  of  each 
skill  level  for  aircraft  maintenance  personnel  at  the  base 
level  (5:16).  Their  productivity  premise  was  that  a  person's 
productivity 

.  .  .  is  measured  in  terms  of  three  things:  (1)  the 
different  kinds  of  .asks  a  person  can  do?  (2)  the  time 
it  takes  to  complete  each  kind  of  task;  and  (3)  the 
quality  with  which  the  tasks  are  accomplished  [4:20]. 

The  types  cf  data  required  by  this  productivity  premise 
normally  are  not  collected  into  the  existing  maintenance 
information  systems.  Thus  French  and  Steele  had  to  resort 
to  Maintenance  Data  Collection  (MDC)  information  on  mainte¬ 
nance  man-hours  expended  and  number  of  maintenance  actions 
completed  as  their  primary  productivity  indicators.  This 
information  was  not  reported  by  skill  level;  therefore, 
extensive  correlation  and  regression  analysis  had  to  be  per¬ 
formed  to  isolate  skill  level  contributions  by  3  and  5-levels. 
Unfortunately,  the  lack  of  reliability  inherent  in  MDC  data 
tends  to  overshadow  the  accuracy  of  results  obtained  from 
this  type  of  methodology. 

Howell,  in  his  Doctoral  Dissertation  (198U),  "Man¬ 
power  Forecasts  and  Planned  Maintenance  Personnel  Skill 
Level  Changes,"  primarily  looked  at  the  effect  of  differ  art 
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task  times  for  3-levels  and  5-levels  on  group  productivity. 
Although  he  did  nor  take  into  consideration  training  or 
quality  factors,  his  study  did  develop  the  use  of  a  Task 
Time  Multiplier  (TMULT)  factor  for  determining  the  average 
percent  of  task  time  increase  when  maintenance  is  performed 
by  a  3-level  versus  a  5-level  (7:52).  The  technique  con¬ 
sisted  of  averaging  the  relative  increase  in  task  time  for 
each  workcenter  and  then  weighting  each  task  by  the  relative 
number  of  times  the  task  occurs  using  an  LCOM  simulation 
The  average,  weighted,  task  time  increase  factor  for  <  ach 
workcenter  is  then  used  to  compute  an  overall  TMULT  factor 
which,  when  applied  to  an  LCOM  simulation  consisting  of  all 
5-level  task  times,  would  result  in  the  same  results  as  one 
using  all  3-level  task  times.  At  the  heart  of  Howell's 
research  methodology  was  the  use  of  the  TMULT  factor  in 
5-level/3- level  mixture  analysis.  Using  a  priori  probabili¬ 
ties  based  on  the  percentage  of  the  skill  level  proportion 
of  the  work  force,  and  assuming  that  all  task  crew  sizes  were 
two  men  and  that  a  team  consisting  of  a  5-level  and  a  3-level 
would  perform  the  same  as  two  5-levels,  the  average  perfor¬ 
mance  level  of  any  given  skill  mixture  could  be  determined. 
Hence,  given  the  proportion  of  5-levels  and  3-levels,  the 
binomial  expansion  probability  for  that  particular  skill 
ratio  would  predict  the  average  percentage  of  tasks  per¬ 
formed  at  the  3-level  task  time  (two  3-level  persons  per¬ 
forming  the  task)  and  the  percentage  of  tasks  performed  at 
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the  5-level  task  time  (two  5-levels  or  one  5-level  and  one 
3-level  together  performing  the  task).  Finally,  multiplying 
the  percentage  of  task3  performed  ac  the  3-level  task  time 
by  the  system  TMULT  factor  and  adding  the  percentage  of  tasks 
performed  at  the  5-level  task  time  would  give  a  new  esti¬ 
mated  TMULT  factor  for  the  maximum  expected  accomplishment 
of  the  particular  skill  mixture  (7:86).  Howell  also  addressed 
various  management  policies  for  maintenance  crew  personnel 
assignment,  and  stated  that  such  policies  would  impact  the 
estimated  TMULT  factor  of  a  given  skill  mixture.  However, 
the  assumption  that  direct  binomial  expansion  probabilities 
can  predict  the  percentage  of  tasks  performed  at  the  5-level 
or  3-level  task  time  does  not  effectively  capture  a  realistic 
representation  of  actual  workcenter  performance.  Such 
probabilities  reflect  situations  which  occur  in  a  random 
fashion.  This  randomness  is  not  representative  of  the  tech¬ 
nician  to  workorder  assignment  process  which  occurs  in  the 
workcenter.  There  exists  a  conscious  effort  by  the  work- 
center  supervisor  to  make  these  assignments  according  to  a 
semistructured  decision  process  to  find  the  appropriate  tech¬ 
nician  for  the  task.  The  resultant  percentage  of  work  per¬ 
formed  by  the  3-level  and  5-level  technicians  under  such  a 
decision  process  then  follows  a  unique  pattern  and  not  one 
which  is  random.  Therefore,  further  investigation  is  still 
needed  to  capture  the  affect  of  skill  mixture  on  maintenance 
productivity . 


One  particular  research  study  which  does  reflect  a 
realistic  view  of  the  maintenance  activities  performed  by 
the  different  skill  level  technicians  can  be  found  in  the 
Comprehensive  Data  Analysis  Program  (CODAP)  performed  by  the 
United  States  Air  Force  Occupational  Research  Project.  The 
accuracy  and  validity  of  CODAP  Job  Analysis  data  has  been 
verified  from  the  analysis  of  over  200,000  cases  in  approxi¬ 
mately  150  occupational  areas  (11:6).  CODAP  Job  Analysis 
data  provides  a  variety  of  information  including  differences 
in  work  being  performed  by  different  skill  level  groups  with 
respect  to  the  percent  of  group  members  performing  each  task, 
the  average  percent  of  work  time  spent  on  the  task  by  those 
who  perform  it,  and  the  percent  ot  group  time  spent  on  each 
task.  One  can  clearly  see  applications  for  this  type  o' 
data  in  the  context  of  the  skill  level  problem  being  investi¬ 
gated  in  this  study.  Using  CODAP  Job  Analysis  data  will 
hopefully  provide  a  means  of  capturing  a  realistic  repre¬ 
sentation  of  work  performance  by  5-levels  and  3-levels  in  a 
maintenance  workcenter. 

Research  Objective 

Using  some  of  the  concepts  developed  and  verified  by 
Howell  and  information  from  the  Comprehensive  Occupational 
Data  Analysis  Program,  the  objective  for  this  research  will 
be  to  develop  and  incorporate  into  LCOM  a  methodology  by 
which  one  can  capture  the  skill  mixture  relationships  within 
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the  workcenter  and  distinguish  the  effects  which  skill  mix¬ 
ture  has  on  the  productivity  and  output  of  the  maintenance 
workcenter. 

Specific  areas  which  will  be  looked  at  in  this 
research  include: 

1.  Development  of  a  conceptual/structural  model  of 
the  relationships  between  the  maintenance  tasks,  the  differ¬ 
ent  skilled  members  of  the  work  force,  and  the  decision 
structure  used  to  assign  these  tasks  to  the  specifically 
skilled  technicians  in  the  v/ork  force. 

2.  Discussion  into  how  the  technician's  maintenance 
errors  can  affect  the  workload  and  workflow  of  the  work- 
center  , 


3.  Quantification  of  the  relationship  between 
3-level  and  5-level  task  times  and  "on  the  job  training1’ 
task  times, 

4.  Quantification  of  the  "on  the  job  training" 
workload  within  the  workcenter  by  aircraft  system  and  type  of 
maintenance  task  in  order  to  determine  the  probability  that 

a  task  will  be  performed  in  an  ojt  situation. 

5,  Determine  the  probability  that  a  specific  mainte¬ 
nance  task  will  be  assigned  and  worked  by  a  5-level  or  a 
3-level  technician,  using  CODAP  information. 

6,  Investigate  the  applicability  of  the  above  areas 
within  the  context  of  the  Logistics  Composite  Model, 

7.  Incorporate  those  areas  which  are  applicable 
into  an  LCOM  methodology. 

8,  Application  of  this  LCOM  methodology  to  distin¬ 
guish  the  affects  which  skill  mixture  has  on  the  produc¬ 
tivity  and  output  of  the  maintenance  workcenter. 


Summary 

This  chapter  clearly  established  the  need  to  account 
for  skill  level  affects  within  the  LCOM  manpower  determina¬ 
tion  process.  With  th  LCOM  capability,  the  best  skill 


m are  for  a  work  force  in  a  given  workload  environment  can 
be  determined.  This  will  enhance  the  maintenance  manpower 
determination  process.  In  order  to  achieve  this  capability, 
an  appropriate  LOOM  methodology  must  be  developed  and  incor¬ 
porated  within  the  existing  LCOM  software  structure.  How 
this  can  be  done  and  what  skill  level  effects  are  captured 
are  tha  problem  areas  under  investigation  in  this  thesis. 

■'.‘his  chapter  farther  specified  that  the  skill  level 
effects  to  be  isolated  for  this  LOOM  methodology  will  per¬ 
tain  co  t.he  technician's  ability  level  while  excluding  other 
wOnaiderations  such  as  individual  motivational  behavior. 

”,ese  ability  levels  affect  the  workcer.ter '  s  productivity  in 
areas:  task  times,  error  rates,  and  on-the-job 

training  load.  All  three  of  these  skill  level,  effects,  when 
.increased  by  increasing  the  proportion  of  3-levels  in  the 
work  force,  will  have  an  adverse  affect  on  productivity 
because  more  time  is  required  to  accomplish  the  same  work¬ 
load. 

The  Literature  Review  on  past  research  efforts  led 
to  the  discussion  of  the  LCOM  methodology  used  by  Howell  in 
his  dissertation...  Howell  tried  to  isolate  the  skill,  level 
effects  of  the  task  time  factor  by  weight  averaging  the  mean 
task  times  attributed  to  the  different  skill  level  groups. 
However,  the  a.  priori  probabilities  used  to  characterize  the 
amount  of  work  done  by  each  skill  group,  and  thus  the  weight¬ 
ing  factors,  were  found  to  be  inappropriate  in  capturing  the 
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semistructured  decision  process  used  by  the  workcenter 
supervisor  in  assigning  technicians  to  tasks.  In  order  to 
characterize  the  work  done  by  3-level  and  5-levo.l  technicians 
more  accurately,  the  Comprehensive  Occupational  Data  Analysis 
Program  was  presented  as  a  possible  solution. 

With  the  skill  level  factors  which  affect  produc¬ 
tivity  identified,  and  having  established  the  need  to  capture 
the  semistructured  decision  process  used  in  the  workcenter 
for  task  assignments  and  the  proper  workload  proportion 
among  the  skill  level  groups,  the  main  objective  of  this 
research  to  develop  an  LCOM  methodology  to  determine  the 
skill  mixture  affects  on  the  workcenter* s  performance  can 
be  pursued.  The  remainder  of  this  thesis  will  concentrate 
on  the  development  of  the  structural  concept  of  this  method¬ 
ology,  the  specific  methodology  to  be  incorporated  into 
LCOM,  and  how  this  methodology  can  be  used  in  a  research 
design  to  isolate  and  measure  the  skill  level  effects  on 
workcenter  performance. 

The  structural  model  development  and  resulting  dis¬ 
cussions  on  the  skill  level  affects  on  the  relationships 
outlined  in  the  structural  model  (specific  objectives  1  and 

2  listed  earlier)  will  be  presented  in  Chapter  2.  Chapter 

3  will  discuss  how  this  structural  model  can  be  developed 
into  a  specific  LCOM  methodology;  how  all  the  necessary 
quantification  procedures  for  task  times,  3-level  and  5-level 
work  probabilities,  and  on-the-job  training  load  will  be 


developed;  and  finally  what  type  of  research  design  would 
be  appropriate  to  isolate  the  skill  mixture  effects  on  work- 
center  performance  (specific  objectives  3  through  8  listed 
earlier) .  The  results  and  analysis  of  the  LCCM  methodology 
developed  in  this  research  and  the  research  design  will  be 
discussed  in  Chapter  4.  Chapter  5  will  contain  the  conclu¬ 
sions  and  recommendations  for  further  research. 
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Chapter  2 


CONCEPTUALIZATION 

In  Chapter  1,  differences  between  3- level  and 
5- level  maintenance  technicians  were  explored  with  emphasis 
on  the  different  ability  levels  of  these  two  skill  level 
groups.  Also,  the  relationships  of  skill  level  with  task 
times,  error  rates  and  training  requirements  were  drscussed. 
This  chapter  will  develop  a  conceptual  framework  of  the 
maintenance  system  which  the  maintenance  workcenter  operates 
in  and  a  structural  model  of  the  workcenter' s  operations. 

The  purpose  behind  this  conceptualization  process  and 
structural  model  is  to  provide  a  formal  framework  of  the 
objects  and  activities,  and  the  relationships  between  these 
system  components.  This  method  of  viewing  the  system 
facilitates  the  understanding  and  discussion  of  all  the 
cause  and  effect  relationships  present  in  the  maintenance 
workcenter  system.  In  particular,  the  structural  model  will 
be  developed  in  order  to  clearly  show  how  the  semistructured 
decision  process  for  assigning  technicians  to  tasks  works, 
and  how  specifically  the  skill  factors  of  task  times,  error 
rates  and  training  committments  affect  the  relationships 
shown  in  the  structural  inode  1. 

Once  the  understanding  of  the  system  has  been  for¬ 
malized  in  the  structural  model,  the  knowledge  developed  will 
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provide  the  guidelines  on  which  to  build  the  LCOM  methodol¬ 
ogy.  If  the  LCOM  methodology  can  be  built  to  meet  all  the 
guidelines  set  from  the  structural  model,  then  the  method¬ 
ology  will  effectively  capture  the  relationships  expressed 
in  the  structural  model.  Also,  if  the  structural  model 
accurately  represents  the  actual  workcenter  system  found  on 
the  flightline,  then  the  methodology  will  possess  the  same 
accuracy  and  validity  of  the  structural  model. 

Before  actually  presenting  the  structural  model  of 
the  workcenter,  a  general  discussion  of  the  overall  mainte¬ 
nance  system  and  goals  will  be  presented.  Out  of  this 
overall  maintenance  system  to  specific  workcenter  concep¬ 
tualization  process,  the  individual  workcenter' s  objectives 
will  be  defined  and  how  the  individual  workcenter  and  its 
objectives  fit  into  the  maintenance  system  will  be  developed. 
The  conceptualization  process  will  also  provide  an  under¬ 
standing  of  how  the  overall  maintenance  system  affects  and 
influences  the  individual  workcenter  in  the  development  'of 
its  decision  process  for  making  workordei  assignments  to 
specifically  skilled  technicians.  Understanding  these 
conceptualized  relationships  in  tne  maintenance  system  will 
aid  in  representing  the  decision  process  in  the  structural 
model  of  the  workcenter.  Finally,  the  whole  process  of 
conceptualization  and  structural  model  development  will  pro¬ 
vide  some  insight  into  what  input  measurements  will  be 
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required  for  the  LCGM  methodology  and  how  to  evaluate  the 
workcenter’s  performance  and  capability. 

Conceptualization  of  the 
Maintenance  System 

A  macro  view  of  the  overall  maintenance  system  can 
be  represented  by  a  black  box  interacting  with  the  environ¬ 
ment.  A  black  box  is  a  way  of  representing  a  very  complex 
system  in  which  one  is  only  interested  in  its  reaction  with 
other  systems  in  its  environment  and  not  how  those  reactions 
are  developed  and  processed  within  its  complex  system.  In 
the  environment  are  many  systems  which  affect  maintenance 
such  as  the  aircraft  design  and  procurement  system,  weather 
factors,  the  supply,  budget,  and  personnel  systems,  mainte¬ 
nance  directives  from  higher  authorities,  and  the  operations 
system  (see  Figure  2-1) .  The  supply,  budget,  and  personnel 
systems  are  the  prime  determinants  of  the  quantity  and  qual¬ 
ity  of  resources  used  by  uhe  maintenance  system.  The  air¬ 
craft  design  and  procurement  system  provides  the  primary 
objects  of  the  maintenance  system,  the  aircraft.  These 
aircraft  have  certain  design  characteristics,  built  into 
them  by  this  environmental  system,  which  define  the  type  of 
maintenance  requirements,  and  a  set  break  rate  pattern.  The 
maintenance  directives  from  higher  authorities  identify  to  a 
great  extent,  prescribed  maintenance  management  techniques 
and  scheduled  maintenance  requirements  to  be  performed  by 
the  maintenance  system.  The  weather  factors  are  set  and 
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uncontrollable,  and  are  constraints  which  the  maintenance 
system  must  consider  in  its  planning  activities.  Finally, 
the  operations  system  is  the  prime  driver  of  the  maintenance 
system's  mission.  The  operations  system  is  the  source  of 
demand  for  the  maintenance  system's  output.  This  demand  is 
based  upon  mission  requirements  set  by  higher  authorities  in 
the  Air  Force  system.  These  mission  requirements  are  often 
constant  and  inflexible.  The  wing  (or  local)  portion  of 
this  operations  system  translates  these  mission  requirements 
into  realistic  training  and  mission  sortie  requirements. 

These  translated  requirements  represent  the  direct  demand 
placed  on  maintenance.  The  overall  maintenance  system  goal, 
therefore,  is  to  satisfactorily  meet  this  direct  demand  by 
pro  iding  mission  capable  aircraft  to  operations. 

All  of  these  environmental  systems  affect  the  mainte¬ 
nance  workload  in  some  way;  however,  it  is  the  aircraft 
design  characteristics  and  operations'  flying  commitments 
which  are  the  prime  determinants  of  workload.  The  rest  of 
the  enviroiunental  systems  affect  workload  by  defining  the 
capabili ty  with  which  the  maintenance  system  can  process  this 
workload.  These  environmental  systems  limit  maintenance 
capabilities  by  controlling  the  quantity,  type,  and  quality 
of  resources  used  by  the  maintenance  system  and  the  proce¬ 
dures  with  which  they  are  used.  The  processes  which  mainte¬ 
nance  goes  through  to  influence  these  environmental  systems 
to  provide  more  or  better  resources  are  long  term  efforts. 
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They  can  be  described  as  long  range  objectives  for  improving 
capabilities  in  the  future,  but  do  not  affect  the  current 
operational  processes  used  by  tne  workcenter  to  meet  the 
current  primary  objectives  of  meeting  operations'  sortie 
needs.  For  the  short  term  then,  how  maintenance  handles  the 
operation  system's  direct  demand  within  the  existing  confines 
of  the  maintenance  system's  resources,  activities  and  air¬ 
craft,  will  determine  how  well  maintenance  meets  its  objec¬ 
tives.  it  is  this  short  term  process  for  handling  the  direct 
demand,  which  is  of  concern  to  us  in  developing  the  work- 
center  structural  model. 

Having  established  this  general  macro  view  of  the 
maintenance  system,  it  is  now  possible  to  investigate  how 
the  internal  subsystems  within  the  maintenance  system  inter¬ 
act  to  meet  the  primary  objective,  of  prime  interest  is 
how  operations '  demands  are  communicated  from  operations  down 
to  the  workcenter  and  how  the  workcenter's  individual  objec¬ 
tives  are  formulated  in  support  of  the  overall  maintenance 
goal.  Figure  2-2  shows  the  key  subsystems  and  the  inter¬ 
actions  which  occur  to  accomplish  this  goal  transmission  to 
individual  subsystems. 

The  maintenance  control  subsystem  is  the  primary  con¬ 
tact  point  with  operations.  Much  negotiation  goes  on 
between  the  people  in  this  subsystem  and  the  people  in  opera¬ 
tions.  The  result  is  an  assessment  by  the  maintenance  con¬ 
trol  subsystem  as  to  the  needs  or  demands  of  operations  and 
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feedback  as  to  whether  past  demands  have  been  met  satisfac¬ 
torily  (an  assessment  of  goal  accomplishment) .  Further 
information  about  current  aircraft  status,  workcenter  near 
term  and  long  term  capabilities,  and  scheduled  maintenance 
commitments,  provides  an  assessment  by  maintenance  control 
and  scheduling  on  how  to  best  accomplish  the  demand  for 
sorties-  This  assessment  is  formulated  into  a  maintenance 
plan  and  flying  schedule-  The  maintenance  plan  sets  forth 
all  scheduled  maintenance  requirements  and  the  flying 
schedule  is  developed  to  stay  within  the  limitations  which 
the  aircraft  break  rate  patterns,  workcenter  launch  and 
recovery  capabilities,  and  scheduled  maintenance  require¬ 
ments  determine.  The  objective  of  the  maintenance  plan  is  to 
meet  the  needs  of  operations  yet  stay  within  the  capabilities 
of  maintenance.  Quite  of Lea,  if  the  plan  is  not  fulfilling 
this  need,  then  maintenance  capabilities  are  lacking  in  the 
time  it  takes  to  regenerate  and  keep  the  aircraft  in  good 
repair.  Areas  of  weak  capability  are  identified  and  attempts 
are  made  through  local  management  actions  to  resolve  the 
capability  problems  and  speed  up  the  maintenance  processes 
at  the  workcenter  level . 

The  maintenance  plan  and  flying  schedule  are  the 
primary  guidelines  by  which  the  workcenter  must  organize  its 
workload.  In  fact,  the  workcenter* s  operational  goal  is  to 
fulfill  the  work  requirements  necessary  to  accomplish  the 
maintenance  plan.  If  there  is  a  capability  problem  v/ithin 


24 


the  workcenter,  the  operational  goal  dictates  that  actions 
are  to  be  taken  to  speed  up  the  maintenance  process  and 
alleviate  the  capability  problem.  In  this  manner,  the 
maintenance  plan  and  flying  schedule  can  be  achieved  with 
greater  success. 

Structural  Model  Developmen t 

At  this  point,  a  discussion  of  the  resources,  objects, 
and  activities  which  affect  the  maintenance  workcenter  system 
is  needed  to  develop  the  structural  model.  The  resources 
which  the  workcenter  uses  to  accomplish  its  objective  include 
manpower,  equipment,  facilities,  and  supply  resources.  As 
discussed  earlier,  these  resources  define  a  limited  capability 
level  and  are  primarily  set  by  environmental  factors  but  can 
be  changed  over  time.  Since  this  study  concentrates  on  only 
the  affects  which  the  manpower  resource  has  on  the  workcen- 
ter’s  objective,  unlimited  eouipment,  facilities,  and  supply 
support  will  be  assumed.  The  objects,  which  act  as  the 
inputs  to  the  workcenter ' s  maintenance  process,  are  the 
wo ''’•.orders .  Each  workorder  is  associated  with  a  unique  task 
and  set  of  task  attributes.  These  task  attributes  are 
especially  important  since  they  determine  the  technician 
assignment  process.  The  workcenter ’s  maintenance  process 
involves  taking  the  workorder  inputs  and  completing  them 
according  to  the  guidelines  and  commitments  set  forth  by  the 
maintenance  plan  and  flying  schedule.  The  process  involves 
three  major  activities:  a  workorder  evaluation  activity, 
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resource  assignment  activity,  and  a  task  activity.  The 
following  definitions  are  presented  to  clarify  t)  a  under¬ 
standing  of  the  resources,  objects,  and  activities  just 
discussed: 

Manpower  resource  -  maintenance  technicians  with  a 
prescribed  ability  level  v/hich  segregates  them  into  two 
groups,  one  group  being  the  apprentice  technicians  (3-levels) 
and  the  other  group  being  the  skilled  technicians  (5-levels 
and  above) . 

Equipment  -  tools,  test  equipment,  power  units,  tech¬ 
nical  data,  vehicles,  and  test  stands. 

Facilities  -  hangars,  work  shops,  and  ramps. 

Supplies  -  spare  parts  such  as  nuts,  bolts,  small 
electrical  components  (resistors,  amplifiers,  transducers), 
black  boxes,  and  any  part  which  comes  out  of  bench  stock  or 
which  is  ordered  from  supply. 

Workorder  -  a  job  demand  on  the  workcenter ,  the 
generation  of  which  is  predetermined  by  the  flying  commit¬ 
ments  set  forth  in  the  flying  schedule,  the  internal  design 
break  rate  of  the  aircraft,  and  the  requirements  set  forth 
in  the  maintenance  p’an. 

Task  attribute  -  involves  the  identification  of  a 
workorder  to  a  specific  aircraft  system/component  and  the 
type  of  maintenance  action  which  will  be  required  to  correct 
the  task  discrepancy,  and  specifies  how  many  resources  are 
required  to  be  assigned  to  the  workorder,  what  skill  level 
requirements  are  needed  as  a  minimum  and  what  priority  the 
work  will  have. 

Workorder  evaluation  activity  -  involves  a  determi¬ 
nation  of  the  workorder ' s  task  definition  attributes, 
prioritization  of  tasks  within  the  current  worKcenter  work¬ 
load,  and  determination  of  the  availability  of  the  aircraft 
required  to  be  worked  by  the  workorder. 

Resource  assignment  activity  -  assignment  of.  all 
resources  to  a  cask  according  to  its  task  attributes;  these 
resource  assignments  must  almost  always  be  done  concurrently 
or  the  workorder  will  be  placed  on  hold. 

Task  activity  •-  begins  when  all  necessary  resources 
have  been  assigned  and  the  aircraft  is  available;  the  length 
of  this  activity  is  dependent  on  the  task  difficulty  and 


ability  level  of  the  technicians  and  whether  the  task  is 
being  used  for  training  (task  completion  is  d., fined  as  when 
the  workorder  has  been  resolved  by  the  technician  5.nd 
cleared  from  the  workcenter  subsystem) . 

Workcenter  supervisor  -  the  individual  who  performs 
the  workorder  evaluation  activity  and  resource  assignment, 
and  coordinates  the  workcenter' s  actions  with  other  mainte¬ 
nance  subsystems. 

Training  -  over  the  shoulder,  on  the  job  instruction 
conducted  during  a  task  activity;  training  requirement-’  are 
assessed  by  the  workcenter  supervisor  in  the  resource 
assignment  activity. 

Backorder  queue  -  the  workorder  waiting  line  prior 
to  resource  assignments  in  which  workorders  are  prior  it.1,  zed. 


This  completes  the  definitions  of  the  resources, 
objects,  and  activities  in  the  workcenter  system.  A  struc¬ 
tural  model  which  illustrates  the  relationships  between 
these  components,  the  skill  level  relationships  discussed 
earlier,  and  their  affects  on  the  workcenter’ s  objective 
will  now  be  presented.  The  network  modeling  tool  used  to 
develop  the  structural  model  is  known  as  the  Queueing- 
Graphical  Evaluation  and  Review  Technique  (Q-GERT)  .  Q-GERT 
is  a  modeling  and  analysis  language  based  on  a  network  scheme 
designed  to  represent  and  simulate  the  activities  which  occur 
in  most  work  situations  (15:1-2).  Q-GERT  was  chosen  for 
representing  this  wu l k u x  1  to r  structural  model  because  the 
modeling  concepts  are  representative  of  the  maintenance 
activities  and  the  network  presentation  will  provide  a  pre¬ 


cise  symbolic  view  of  these  activities  in  which  to  communi¬ 
cate  the  complex  structure  of  the  workcenter.  Appendix  A 
contains  a  summary  of  the  Q-GERT  symbols  used  in  this 
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chapter.  For  a  more  detailed  discussion  on  Q-GERT  network 
modeling,  see  Pritsker  (1979). 

The  Q-GERT  model  of  the  workcenter  begins  with 
Figure  2-3  and  concerns  the  workorder  input  to  the  work- 
center.  When  the  workorder  first  arrives  at  the  maintenance 
workcenter,  the  supervisor  performs  the  workorder  evaluation 
activity.  If  aircraft  availability  was  limited  due  to  mul¬ 
tiple  workcenter 3  needing  to  work  the  same  aircraft,  the 
workorders  would  not  leave  this  section  of  this  Q--GERT  model 
until  the  workorder  could  be  matched  with  its  particular 
aircraft.  Tnus,  for  purposes  of  this  discussion,  aircraft 
avs ilabili.ty  will  be  assumed  to  be  unlimited  in  order  to 
focus  on  the  manpower  effects  in  the  structural  model.  The 
source  rv:des  generate  the  workorder  inputs  and  assign  all  of 
the  task  definition  attributes  (see  transaction  attributes 
1  through  5,  Table  2-1).  Next,  node  10  assigns  a  task 
increment  number  (comparable  to  a  workorder  number)  to  each 
workorder  for  easy  identification  through  the  workcenter 
network  (transaction  attribute  7,  Table  2-1).  Finally,  the 
workorders  are  sorted  and  placed  in  a  backorder  queue  accord 
ing  to  their  priority.  Note  that  workorders  which  are  balks 
back  to  this  queue  are  also  placed  in  the  queue  according 
to  t.neir  priority. 

following  the  workorder  evaluation  activity,  the 
workorder  is  transferred  to  the  resource  assignment  activity 
Since  nonmanpowev  :• sources  are  assumed  to  be  unlimited, 
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TABLE  2-1 


Q-GERT  Transaction's  Attribute  Definitions 


ATTRIBUTE 

VALUE  REPRESENTATION 

Al 

•Type  of  Aircraft  System/ 
Component 

A2 

•Task  Classification 

A3 

•Team  Size 

•Time  Which  Assistant  is 

Waiting  for  Assignment 

A4 

•Skill  Requirement 

•Assistant  Identifier  (6) 

A5 

•Workorder  Priority 

•Resource  Assigned  to  Transac¬ 
tion 

A6 

•Task  Time 

A7 

•Task  Increment  Identification 
Number 
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this  acti”ity  boils  down  to  a  complex  decision  mechanism  for 
assigning  the  maintenance  technicians  to  the  workorders. 
Figure  2-4  represents  this  decision  mechanism  used  by  the 
supervisor.  The  supervisor  first  takes  the  highest  priority 
workorder  in  the  backorder  queue  and  notes  the  crew  size 
required  by  the  workorder  and  the  minimum  skill  level 
requirements  of  its  task.  The  Q-GERT  model  distinguishes 
these  two  items  through  a  series  of  sort  decisions  in  nodes 
16,  17  and  18.  Node  16  separates  the  one  man  and  two  man 
tasks.  Node  17  and  18  separate  the  5-level  tasks  from  the 
3-level  tasks.  Once  this  is  done,  the  workorder  is  ready 
to  be  assigned  to  a  maintenance  technician.  When  assigning 
the  workorder,  the  workcenter  upervisor  will  take  note  of 
the  technician's  technical  abilities.  The  supervisor  will 
try  to  match  the  difficul  :y  level  of  the  task  to  a  techni¬ 
cian  with  comparable  abilities  (this  is  why  the  skill  level 
requirements  of  the  workorder  are  assessed) .  The  basic 
objective  behind  matching  abilities  to  the  task  difficulty 
is  to  minimize  the  average  task  times  of  all  tasks  through 
the  workcenter.  Through  minimizing  average  task  time,  the 
workorder 's  time  in  the  workcenter  system  will  be  decreased 
not  only  in  the  task  activity  section  but  also  in  the  back¬ 
order  queue  v/here  the  workorders  will  wait  less  time  for  the 
manpower  resource.  Furthermore,  smaller  workorder  system 
times  will  improve  the  mission  capable  rate  of  the  aircraft 
(a  function  of  how  long  workorders  are  open) ,  and  smaller 


task  times  will  tie  up  the  aircraft  for  less  time  and  allow 
other  workcenters  to  complete  their  workorders  on  the  air¬ 
craft.  If  excessive  delays  were  allowed  to  occur  in  one 
workcenter,  other  workcenters  would  not  be  able  to  meet  their 
mission  requirements  and  possibly  cause  the  failure  to 
achieve  the  overall  maintenance  goals. 

The  decision  of  which  technician  to  assign  to  the 
workorder  depends  on  how  many  technicians  are  available  in 
the  workforce  and  the  ability  level  of  these  technicians. 

If  technicians  are  available,  the  supervisor  will  make 
assignments  according  to  the  following  rules: 

1.  Maximum  assignment  of  3-levels  with  5-levels  on 
two  man  tasks. 

2.  Three  levels  can  perform  tasks  if  they  are  capa¬ 
ble  (i.e.,  the  type  of  task  and  its  relative  difficulty  will 
dictate  whether  a  3- level  can  accomplish  the  task) .  A  set 
number  of  tasks  are  predetermined  to  be  easy  enough  for 

3- levels  and  are  represented  as  such  in  the  task  description. 

3.  Two  3- levels  will  be  assigned  a  task  if  no  one 
else  is  available.  Likewise,  one  3-level  will  be  assignee* 
to  a  one  man  task  if  no  one  else  is  available. 

4.  If  a  task  requires  two  people  but  only  one  is 
available,  the  supervisor  will  dispatch  the  one  and  the  next 
man  to  become  available  will  be  assigned  to  the  task  as  an 
assistant.  Task  time  will  be  adjusted  to  consider  one  man 
performing  a  two  man  task  over  certain  time  period  before 
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his  assistant  arrives.  One  man  working  alone  on  a  two  man 
task  will  require  a  longer  task  time. 

5.  If  a  task  with  a  particular  skill  requirement 
arrives  but  that  skill  resource  is  not  available,  the  task 
will  be  assigned  to  whoever  is  available. 

The  mechanism  used  in  the  Q-GERT  model  to  accomplish  these 
rules  is  a  series  of  queues  associated  with  two  resource 
allocate  nodes  (see  Figure  2-4) .  One  allocate  node  repre¬ 
sents  the  5-level  technicians  and  the  other  represents  the 
3- level  technicians.  Each  queue  shows  a  preference  of  one 
resource  over  the  other  in  order  to  assign  the  correct 
ability  level  to  meet  the  task's  minimum  skill  requirements. 
If  that  resource  is  not.  available,  it  will  check  to  see  if 
the  other  type  resource  is  available.  The  workordtr  trans¬ 
action  is  then  routed  to  the  appropriate  queue  based  on  its 
task  attributes  as  discussed  earlier.  In  the  case  of  the 
two  man  tasks,  a  duplicate  transaction  is  also  routed  to  the 
assistant  queue. 

Tne  task  times  which  are  assigned  at  the  allocate 
nodes  are  based  on  the  ability  1 avel  (3-leve}  or  5-level)  of 
the  resource  actually  assigned.  However,  for  workoraers 
requiring  two  man  teams,  the  actual  task  time  assignment  is 
based  on  the  primary  team  member's  skill  level.  An  assump¬ 
tion  is  made  that  the  primary  member  will  do  the  work  and 
will  accomplish  the  task  in  accordance  with  his  abilities 
and  not  the  assistant's.  If  a  3-level  was  assigned  as  the 
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primary  team  member,  a  nodal  modification  would  occur  to 
route  the  duplicate  workorder  transaction  for  the  assistant 
to  the  assistant  queue  which  gives  priority  of  resource 
assignment  to  the  3-level  resource.  The  task  time  of  the 
assistant  would  be  the  same  as  the  primary  team  member  and 
both  would  be  adjusted  for  any  delays  in  assistant  assignment. 
The  two  transactions  would  then  be  matched  on  the  opposite 
side  of  the  allocate  nodes  and  passed  on  to  the  task  activity 
section  of  the  workcenter  network. 

If  no  technicians  are  available  at  the  allocate 
nodes,  the  workorder  transaction  is  balked  back  to  the  back¬ 
order  queue  for  later  resource  assignment.  If  the  workorder 
transaction  involved  a  duplicate  transaction  for  an  assis¬ 
tant,  a  nodal  modification  will  occur  when  the  original 
transaction  is  balked  and  the  duplicate  transaction  will  be 
killed. 

The  task  activity  section  of  the  Q-GERT  model  is 
presented  in  Figure  2-5.  It  begins  by  scheduling  the  task 
activity  according  to  the  transaction's  task  time  attribute. 

At  the  expiration  of  the  task  time,  the  workorder  transaction 
is  completed,  the  resources  are  freed  and  the  transaction 
leaves  the  system.  This  completes  the  basic  workcenter  net¬ 
work.  However,  the  effects  of  technician  errors  and  training 
requirements  can  also  be  considered  for  further  embellishment 
of  the  structural  model. 
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The  impacts  of  technician  errors  due  to  mismatching 
skill  level  and  task  difficulty  are  twofold.  First,  the 
individual  may  complete  the  task  but  on  completion  discover 
that  he  did  not  resolve  the  problem.  In  such  a  case,  the 
workorder  will  be  reworked  by  the  same  technician  or  rerouted 
back  to  the  backorder  queue  for  reassignment  to  someone  with 
a  higher  skill  level.  The  second  possibility  is  that  the 
error  will  go  undetected  at  the  time  of  task  conpletion  and 
the  workorder  will  leave  the  system.  In  this  case,  the 
failure  rate  for  that  system  will  be  increased. 

The  impacts  of  training  requirements  on  the  struc¬ 
tural  model  are  more  complicated.  All  of  the  3-level 
resources  must  constantly  be  evaluated  and  updated  on  their 
training  progression.  When  a  workorder  arrives  at  the  work- 
center,  the  supervisor  determines  if  there  is  a  three  level 
who  needs  and  is  available  for  training,  and  if  there  is 
someone  present  who  is  qualified  to  train  the  3-level. 

When  both  are  available,  the  workcenter  supervisor  will 
assign  the  two  individuals  to  the  workorder  if  time  con¬ 
straints  on  the  workorder  permits  the  extra  training  time 
and  it  the  workload  in  the  workcenter  does  not  require  the 
trainee  to  work  on  another  job  for  which  he  is  already 
qualified.  Once  the  training  is  complete,  the  supervisor 
will  have  to  update  the  trainee’s  training  status  progres¬ 
sion.  Quite  often  though,  it  takes  several  training  sessions 
on  a  particular  task  or  aircraft  system  before  the  trainee 
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can  be  completely  qualified  on  the  task.  In  Chapter  3,  we 
shall  propose  a  method  for  determining  the  probability  that 
a  workorder  will  be  utilized  for  training  purposes.  Given 
the  training  probability,  a  workorder,  upon  input  to  the 
model,  will  be  identified  as  being  a  training  task  or  not. 

If  it  is  not  a  training  task,  the  workorder  task  time 
assignment  will  be  handled  as  discussed  earlier.  If  it  is 
a  training  task,  the  transaction  will  be  processed  as  a  two 
man  task  with  a  three  level  designated  as  the  primary  team 
member  (this  will  cause  the  task  time  to  be  generated  under 
the  3~level.  task  time  distribution)  .  The  training  task  will 
only  be  accomplished  if  a  3-level  and  a  5- level  are  available. 
If  both  are  not  available,  the  task  will  be  accomplished 
with  the  manpower  that  is  available  and  the  training  desig¬ 
nator  will  be  taken  off  the  transaction. 

Input  and  Evaluation 
Measurements 

The  above  discussion  has  presented  the  mechanics  of 
the  primary  activities  in  the  workcenter  system,  and  has 
explicitly  shown  the  range  of  possible  impacts  due  to  differ¬ 
ent  task  times  associated  with  the  two  skill  level  groups. 

In  order  to  quantify  these  impacts,  several  input  require¬ 
ments  are  used  to  define  all  of  the  variables  which  are 
required  to  make  the  decision  portion  and  task  time  assign¬ 
ment  portion  of  the  model  work  as  h.s  been  described.  After 
presenting  these  input  measurement  requirements,  the 
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statistical  measurements  used  to  evaluate  the  performance 
of  the  system  will  be  discussed. 

The  following  are  the  input  measurement  requirements 
of  the  model: 

1.  Workorder  generation:  a  measure  of  the  fre¬ 
quency  a  workorder  occurs  on  a  particular  aircraft  system/ 
component  for  a  given  flying  schedule  and  weapons  system. 

2.  For  a  given  system/component,  the  frequencies 
for  each  of  the  following  task  classifications  for  a  given 
flying  schedule: 

-  operational  check 

-  troubleshoot 

-  unscheduled  remove  and  replace 

-  scheduled  remove  and  replace 

-  repair  in  place/minor  maintenance 

-  cannot  duplicate  malfunction 

-  remove  and  replace  to  facilitate  other  mainte- 


3.  Each  task  classification  listed  above  also 
requires  the  following  information: 

-  percentage  of  tasks  which  are  priority  1  work- 
orders 

-  percentage  of  tasks  which  are  priority  2  work- 
orders 

-  percentage  of  tasks  which  require  a  b-level 
skill  ability  as  a  minimum 

=  percentage  of  tasks  which  can  allow  a  3-level 
skill  ability  to  accomplish 

-  percentage  of  tasks  which  require  a  two  man 
team 

-  percentage  of  tasks  which  require  one  man 

-  mean  task  time  for  5-levels  and  the  standard 
deviation 

-  mean  task  time  for  3-levels  and  the  standard 
deviation  (these  task  times  will  equal  train¬ 
ing  task  times) 

-  impact  on  task  time  for  a  two  man  task  being 
performed  by  one  man 
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-  probability  that  a  particular  task  will  be 
utilized  for  training 

-  specific  training  task  information  includes: 

-  degree  of  training  workload  required  by 
aircraft  system,  task  classification,  and 
number  of  3- levels 

-  expected  number  of  tasks  accomplished  per 
unit  of  time 

-  percentage  of  tasks  requiring  rework  due  to  a 
technician's  error 

-  probability  that  a  task  will  affect  the  future 
break  rate  of  an  aircraft  system  due  to  a 
technician's  error 

The  workcenter' s  performance  can  be  measured  by  indi¬ 
cators  which  take  into  account  the  productive  capacity 
associated  with  the  work  force  assigned  to  the  workcenter. 
These  indicators  are  a  measure  of  how  well  the  workcenter  is 
meeting  its  objectives  of  minimum  through  time  of  workorders 
through  the  system.  The  performance  indicators  are  listed 
and  defined  below: 

Average  workorder  backorder  time  -  the  average  time 
which  the  workorder  is  waiting  for  the  manpower  resource  to 
be  assigned  to  the  workorder.  These  statistics  are  gathered 
at  the  interval  statistics  nodes  following  the  allocate 
nodes  in  Figure  2-4. 

Average  task  time  -  the  average  time  the  workorder 
is  in  the  in-work  status.  These  statistics  are  gathered  at 
the  interval  statistic  nodes  in  Figure  2-5. 

Average  workorder  through  time  -  the  total  time  a 
workorder  is  in  the  workcenter  subsystem.  This  statistic 
is  the  sum  of  backorder  time  and  task  time.  (Note;  a  gen¬ 
eral  productivity  measure  is  the  ratio  of  the  amount  of 
output  to  the  amount  of  input.  In  this  case,  it  would  be 
the  amount  of  tasks  completed  to  the  number  of  man-hours 
expended.  This  is  the  reciprocal  of  the  task  time  statistic; 
therefore,  average  task  time  can  be  considered  a  relative 
measure  of  productivity.) 


Utilisation  rate  -  the  ratio  of  resource  productive 
time  to  resource  available  time.  This  statistic  is  provided 
internally  by  the  Q-TERT  model  routines. 

One  other  factor  to  be  measured  is  the  relative 
amount  of  time  a  resource  is  utilized  on  a  task  with  a  dif¬ 
ferent  resource  requirement  definition  (i.e,,  a  3-level  tech¬ 
nician  performing  a  task  which  was  originally  designated  for 
a  3- level  to  perform) .  This  indicator  will  tell  whether  the 
3- level  resource  is  being  utilized  more  than  their  abilities 
can  allow  them  to  do,  or,  whether  5-levels  are  performing 
more  of  the  easier  tasks  than  they  should  be  doing.  If  the 
proper  skill  level  mixture  is  set  up  correctly,  these  indi¬ 
cators  will  be  at  rheic  minimal  values.  A  battery  of  statis¬ 
tics  nodes  after  the  allocate  nodes  shown  in  Figure  2-G  are 
used  to  collect  these  between  statistics  on  the  different 
routes  the  tusks  can  take  through  the  resource  pool  of  man¬ 
power  . 

Summary 

This  completes  the  structural  model  embellishment 
and  measurement  requirements  necessary  for  the  Q-GERT  anal¬ 
ysis.  It  is  important  to  understand  that  the  degree  of 
specificity  presented  for  the  objects,  attributes,  and 
relationships  in  thi3  structural  model  were,  necessary  to 
capture  the  dynamic  processor,  of  the  workcenter  system  and 
the  impact  on  workcenter  performance  due  to  the  manpower 
resource . 
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Fig.  2-6.  How  a  Battery  of  Statistic  Nodes  Can  Be 

Inserted  Into  the  Q-GERT  Structural  Model 
To  Measure  Workcenter  Performance 


a  -> 


The  emphasis  in  this  chapter  has  been  on  developing 
a  conceptual  view  of  the  maintenance  workcenter  system  both 
as  a  subsystem  to  the  overall  maintenance  system  and  environ¬ 
ment,  and  as  an  independent  system  with  its  own  objects, 
attributes,  and  resources.  Using  this  systems  analysis 
approach,  the  importance  of  the  maintenance  workcenter' s 
goals  were  clearly  defined  and  related  to  the  managerial 
decision  process  used  in  the  workcenter  for  supporting  its 
goals.  With  the  aid  of  these  concepts  and  processes,  a 
structural  model  was  developed  using  Q-GERT  and  a  method  was 
proposed  for  measuring  the  performance  and  capability  of  the 
workcenter.  In  Chapter  3,  the  applicability  and  implementa¬ 
tion  of  the  above  concepts  and  processes  in  LOOM  will  be 


discussed. 


Chapter  3 


THE  LCOM  METHODOLOGY 

In  Chapter  2,  a  conceptual  framework  of  how  the 
workcenter  operates  and  how  skill  level  factors  influence 
its  operation  were  discussed.  The  following  discussion  will 
explain  how  to  incorporate  the  conceptual  framework  into  an 
LCOM  methodology.  The  flow  of  this  discussion  is  outlined 
in  Figure  3-1.  First  a  discussion  will  be  presented  on  how 
the  assignment  decision  structure  can  be  incorporated  into 
the  LCOM  network  data  base,  and  how  the  different  input 
measurements  listed  at  the  end  of  Chapter  2  can  be  included 
in  LCOM  simulations.  Second,  the  limitations  of  LCOM  and 
suggestions  for  changes  which  can  be  made  in  LCOM  to  alle¬ 
viate  these  limitations  will  be  addressed.  Finally,  the 
methodology  will  be  presented  in  the  context  of  the  existing 
LCOM  structure.  Specifically,  the  methodology  entails 
several  paral lei  investigations  before  actually  modifying 
the  LCOM  data  base  to  reflect  the  conceptual  framework  dis¬ 
cussed  in  Chapter  2.  Three  major  areas  were  investigated: 

(1)  the  relationship  between  3-level  and  5-level  task  time; 

(2)  the  probability  that  a  task  would  be  performed  by  a 
3-level  or  5-level;  and  (3)  the  probability  of  having  a 
training  task  situation  in  the  workcenter.  (The  specific 
workcenter  under  investigation  will  be  the  Flightline 
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Adjusted  Methodology 
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Navigation  Specialists.  This  workcenter  represents  typical 
workload  and  manning  levels  for  a  majority  of  workcenters 
in  LCOM , )  A  detailed  discussion  of  each  major  area  in  the 
methodology  will  t i  presented  showing  the  steps  leading  to 
the  final  modified  simulation  model.  The  discussion  on  the 
relationship  between  3-level  and  5-level  task  times  will  cover 
the  use  of  regression  analysis  on  task  time  data  obtained 
from  a  stratified  sample  of  tasks  and  task  times  for  the 
navigation  specialist  workcenter  and  the  development  of  a 
regression  predictor  model  for  3-level  task  times.  The  dis¬ 
cussion  on  the  probability  that  a  3-level  or  5-level  will 
perform  the  task  will  show  how  the  CODAP  job  description 
data  will  be  used.  Also,  a  scheme  will  be  presented  for 
adjusting  these  probabilities  with  changes  in  skill  mixture 
conditions.  Finally,  the  discussion  on  the  probability  of 
having  a  training  task  situation  in  the  workcenter  will 
assess  the  relationship  of  training  requirements  with  the 
skill  mixutre  and  workload  of  the  workcenter  to  determine 
what  the  training  probabilities  should  be.  Each  of  the 
major  areas  in  the  methodology  will  then  be  used  to  quantify 
the  average  mean  task  time  for  each  task  in  the  workcenter 
given  a  specified  skill  mixture  condition.  The  actual 
model  modifications  will  be  made  using  the  LCOM  task  change 
card  procedure.  Also,  a  specific  research  design  which 
will  isolate  the  skill  level  effects  on  the  workcenter 's 
performance  will  be  presented. 
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Application  of  Structural 
Model  to  LCOM 

The  LCOM  structure  contains  the  basic  mechanises  or 
procedures  for  handling  the  generation  and  priority  assign¬ 
ment  of  workorders,  and  the  assignment  of  resources  (both 
manpower  and  nonmanpower  resources).  The  v/orkordei  evalua¬ 
tion  activity,  resource  assignment  activity,  and  task  activ¬ 
ity,  therefore,  are  present  in  some  form  in  the  LCOM  struc¬ 
ture.  The  primary  difference  between  the  LCOM  structure 
and  the  conceptual  structure  presented  in  Chapter  2  is  that 
LCOM  does  not  distinguish  between  the  different  skill  level 
groups  within  the  manpower  resource.  Basically,  the  activ¬ 
ities  are  handled  in  a  different  fashion.  Instead  of  pro¬ 
cessing  a  workorder  through  a  workcenter,  LCOM  processes  the 
aircraft  through  a  series  of  tasks.  The  task  descriptions 
are  input  into  LCOM  by  the  user  and  specify  the  resources 
that  are  required.  If  the  resources  are  available,  the  task 
is  worked.  If  not,  the  task  is  put  on  hold.  Thus,  the  LCOM 
structure  is  based  on  a  workflow  network  where  each  task  is 
described  in  its  corresponding  place  in  the  workflow.  The 
flying  schedule,  which  is  defined  externally  from  the  simu¬ 
lation,  places  a  demand  for  an  aircraft.  An  aircraft  is 
assigned  to  this  demand,  and  is  placed  in  the  network  depend¬ 
ing  upon  what  work  is  required  to  get  the  aircraft  ready  to 
fly.  Tne  aircraft  then  goes  from  one  task  to  another  based 
on  the  sequences  specified  in  the  network.  When  the  aircraft 
is  ready  to  fly,  it  is  at  the  launch  task  and  flying  portion 


of  the  network.  Upon  return  of  the  aircraft  from  its 
mission,  failure  clocks  are  checked  to  determine  what  systems 
on  the  aircraft  have  failed.  The  aircraft  is  then  processed 
through  the  portions  of  the  network  which  correspond  to  the 
failed  system  (10:p.2-9). 

Figure  3-2  shows  how  the  LOOM  network  is  laid  out  for 
the  Radio  Navigation/Interrogator  Set  (WUC  71S00)  system  in 
the  F-4E  peacetime  model  used  ~'.n  this  study.  The  route  which 
the  aircraft  follows  in  this  section  of  the  model  is  based 
on  the  probabilities  that  the  system  will  have  experienced  a 
particular  type  of  failure  which  requires  specific  mainte¬ 
nance  actions.  These  probabilities  are  shown  along  the  dif¬ 
ferent  routes  leaving  a  node  and  are  specified  on  the  forms 
input.  A  summary  of  the  different  probability  options  is 
presented  in  Table  3-1.  The  probabilities  are  set  up  to 
capture  the  same  proportion  of  the  various  tasks  as  is 
experienced  in  the  field  and  reported  in  the  Maintenance  Data 
Collection  system.  The  various  maintenance  tasks  which  are 
represented  in  the  LCOM  network  presented  above  are  defined 
in  Table  3-2.  When  the  aircraft  reaches  a  particular  task, 
it  requires  the  resources  specified  in  the  input  forms.  These 
are  annotated  as  AFSC  requirements  on  the  network  in  Figure 
3-2.  When  the  resources  are  assigned  to  the  task,  a  task 
time  is  assigned  by  a  random  draw  from  the  task  time  distri¬ 
bution  defined  for  that  task  on  the  input  forms.  In  summary, 
the  above  discussion  outlines  the  basic  existing  structure 
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TABLE  3-1 


Applicable  LCOM  Selection  Mode  Probability  Options 


SELECTION  MODE 

DEFINITION 

D 

Do  the  task 

E 

Mutually  exclusive  selection — one  and 
only  one  task  will  be  selected. 

A 

Nonmutually  exclusive  selection — none 
one  or  more  tasks  will  be  selected 

P 

Selection  governed  by  Failure  Mech¬ 
anism 

G 

Nonmutually  exclusive  selection  where 
at  least  one  task  will  be  selected 

Applicable 

TABLE  3-2 

LCOM  Maintenance  Action  Codes  for 
On-Equipment  Networks 

CODE 

DEFINITION 

F 

Failure  clock 

T 

Troubleshoot  (successful) 

X 

Work  to  facilitate  other  maintenance 

R 

Remove  and  replace  component 

H 

Troubleshoot  (can-not-duplicate) 

M 

Maintenance  repair  on  aircraft 

V 

Verification  check  (Ops-check) 
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of  LCOM ,  and  the  areas  which  will  be  specifically  dealt 
with  in  developing  the  methodology  in  which  to  incorporate 
the  skill  level  effects. 

Since  an  LCOM  structure  already  exists  which  assigns 
resources  when  a  task  is  reached  in  the  network,  the  first 
step  in  capturing  the  decision  mechanism  of  the  Q-GERT  model 
is  to  define  two  separate  manpower  resources  for  each  exist¬ 
ing  task.  One  would  be  for  the  5-levels  and  above,  and  the 
other  would  be  the  3- levels.  In  order  to  do  this,  two  new 
tasks  will  have  to  be  created  out  of  the  old  task;  one  for 
each  skill  level  resource.  Each  new  task  will  have  a  unique 
task  time  distribution  associated  with  its  particular  skill 
level  resource.  This  procedure,  when  applied  to  the  network 
in  Figure  3-2,  will  result  in  the  network  shown  in  Figure  3-3. 
The  probability  that  either  the  5-level  task  or  3-level  task 
will  be  taken  is  based  on  the  probability  that  the  task  will 
be  performed  by  a  5-level  or  a  3-level.  This  is  represented 
by  the  "E-prob<  ilities"  associated  with  the  two  different 
task  routes. 

The  next  step  in  capturing  the  Q-GERT  decision 
structure  is  to  set  up  a  resource  substitution  scheme.  The 
model  should  be  able  to  substitute  a  different  skill  level 
resource  for  the  primary  resource  when  the  primary  resource 
is  not  available.  This  will  allow  the  work  to  continue  as 
long  as  there  is  someone  available  from  the  particular  work- 
center  involved.  Resource  substitution  is  possible  in  LCOM 
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Fig.  3-1.  Modified  LOOM  Network  for  the  Radio  Navigation/In ter rogatcr  Set  Showing  Ho»r  the  Tanks 
Can  Be  Broken  Out  Into  A  3-LvL  Task  and  A  5-LvL  Task 


and  is  done  with  the  Forms  12A.  A  possible  scheme  by  which 
resource  substitution  can  be  made  for  two  man  tasks  is  shown 
below  for  the  328X1  tasks  presented  in  Fi~ire  3-3: 

For  a  5-level  task: 

If  32851  &  32831  &  328A1  &  328B1  are  available, 
then  these  will  be  assigned. 

Else  if  2-32851  &  2-328B1  are  available,  then, 
these  will  be  assigned. 

Else  2-328A1  will  be  assigned. 

For  a  3-level  task: 


If  32831  &  32851  &  328B1  &  328A1  are  a  e, 

then  these  will  be  assigned. 

Else  if  2-32831  &  2-328A1  are  available-  then 
these  will  be  assigned. 

Else  2-328B1  *nil.l  be  assigned. 

The  328A1  and  328B1  are  dummy  resources  for  the 
3- levels  and  5-levels,  respectively.  The  purpose  behind 
using  these  dummy  resources  is  to  measure  how  often  the 
3-level  and  5-level  technician  is  used  to  perform  a  task 
which  is  not  appropriate  for  his  ability  level.  The  substi¬ 
tution  scheme  also  ensures  that  the  3-level  or  5-level  tech¬ 
nician  resources  are  not  available  f task  assignment  when 
all  of  the  assigned  3- level  or  5-level  technicians  are  busy 
working  or  er  tasks.  The  utilization  rate  for  these  two 
dummy  resources  LI  correspond  to  how  busy  each  individual 
resource  was  during  the  course  of  the  simulation.  The  32831 
and  32851  resources  also  correspond  to  3-levels  and  5-levels, 
respectively.  The  utilization  rate  associated  with  these 


53 


resources  will  correspond  to  how  often  the  resources  were 
used  in  accordance  with  their  abilities.  Difference?  between 
the  utilization  rate  of  the  32831  and  328A1  is  a  measure  of 
how  often  the  resource’s  ability  was  mismatched  with  the 
task  difficulty.  In  this  case/  it  would  indicate  how  often 
the  3-level  was  sent  out  on  tasks  more  difficult  than  the 
individual  was  capable  of  (utilization  rate  of  328A1  would 
be  greater  than  the  utilization  rate  of  32831) .  Such  a 
condition  can  have,  implications  on  the  capability  of  the 
workcenter.  If  the  skill  mixture  is  such  that  a  2-328A1 
substitution  occurs  often,  it  is  possible  that  the  task 
times  representing  the  3-level  capabilities  may  be  too  short. 
In  other  words,  inexperienced  and  undertrained  3-levels  are 
being  sent  out  to  do  difficult  jobs  more  often  than  their 
capability  predicts.  The  time  it  takes  thesr  S-’evels  to 
do  this  work  will  be  greater  than  the  3-level  task  times  used 
in  the  LCQM  data  base  developed  for  this  study.  Three-level 
task  times  are  based  not  only  on  the  time  required  by  a 
3-level  to  perform  a  task  for  which  the  individual  has  been 
trained  and  qualified,  but  also  for  which  the  individual  has 
not  had  enough  experience  to  become  fully  proficient. 

Figure  3-4  shows  how  the  Forms  12A  would  be  set  up 
in  order  to  accomplish  the  above  resource  substitution. 
However,  one  major  problem  remains;  when  a  3- level  substi¬ 
tutes  for  a  5- level,  the  task  time  which  is  assigned  comes 
from  the  5-level's  task  time  distribution.  Without  the 


55 


ability  to  assign  a  3- level  task  time  during  a  substitution, 
the  procedure  will  invalidate  the  model  as  conceptualized  in 
Chapter  2.  The  actual  status  of  the  resources  will  not 
reflect  the  correct  task  times.  In  order  to  alleviate  this 
shortcoming  in  LCOM,  major  revisions  would  have  to  be  made 
to  the  LCOM  software.  Such  revisions  are  beyond  the  scope 
of  this  research  effort.  To  stay  within  the  limitations  of 
the  existing  LCOM  structure,  the  following  assumption  must 
be  made:  the  probabilities  developed  from  CODAP  data,  for  a 
3-level  performing  the  task  and  a  5-level  performing  the 
task,  will  approximate  the  necessary  state  of  resource 
availability.  This  assumption  will  allow  the  development  of 
a  methodology  that  does  not  require  resource  substitution. 
Procedures  used  in  Howell's  dissertation  and  those  used 
routinely  by  manpower  personnel  involve  weighting  task  times 
for  two  like  tasks  that  run  parallel  to  each  other  by  the 
probability  that  the  task  will  occur.  The  two  tasks  are 
then  merged  into  one  new  task,  with  the  sum  of  the  weighted 
mean  task  times  as  the  new  mean  task  time. 

The  procedure  described  above  can  easily  be  applied 
to  the  two  task  structure  developed  in  Figure  3-3.  It 
involves  multiplying  the  probability  that  a  5-level  will 
perform  the  task  to  the  5-level  mean  task  time  and  adding 
the  probability  that  a  3-level  will  do  the  task  multiplied 
to  the  3-level  mean  task  time.  The  resultant  task  time  is 
the  mean  task  time  of  the  two  tasks  acting  together.  The 
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new  mean  will  be  input  to  the  LCGM  data  base  by  use  of  the 
TKCNG  change  card  procedure  provided  by  the  LCOM  software 
(2sp.7-15) . 

With  the  basic  methodology  now  established,  the 
technician  error  impacts  and  training  impacts  will  be 
addressed.  As  noted  in  Chapter  2,  technician  errors  can 
cause  the  task  to  be  reworked,  or  the  failure  rate  to 
increase.  The  data  base  of  the  existing  model  already  has 
some  of  these  effects  built  into  it.  The  actual  data  used 
in  developing  the  data  base  reflect  the  errors  which  the 
maintenance  technician  made  during  the  time  tire  data  were 
collected.  This  error  factor  is  not  discernible  ir.  the  data 
presently  used  in  the  LCOM  model.  Any  changes  to  the  pro¬ 
portion  of  tasks  performed  or  break  rates  represented  by  the 
failure  clocks  in  the  model,  will  give  a  different  set  of 
task  proportions  and  failure  rates  than  those  which  have 
already  been  validated  for  the  model.  Thus,  without  being 
able  to  discern  the  exact  effects  in  the  current  data  base 
nor  understand  how  these  error  effects  can  change  with  skill 
mixture,  any  increase  in  failure  rates  or  number  of  tasks 
which  could  be  interpreted  as  due  to  an  increase  in  the  num¬ 
ber  of  3-levels  in  the  shop,  could  invalidate  the  model.  An 
investigation  of  this  problem  will  not  be  included  in  this 
research  but  deserves  further,  future  research. 

The  training  impacts  discussed  in  Chapter  2  can  be 
handled  by  determining  the  probability  that  the  task  will  be 
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utilized  in  a  training  situation.  Each  existing  task  can 
be  converted  to  three  parallel  tasks:  (1)  one  for  the 
5-level  situation;  (2)  one  for  the  3-level  situation;  and 
(3)  one  for  the  training  situations  as  shown  in  Figure  3-5. 
By  first  taking  into  account  the  training  requirements  and 
then  accounting  for  the  remaining  5-level  and  3-level  situa¬ 
tions  in  which  training  does  not  occur,  the  probabilities 
(Prob)  for  the  three  tasks  are  as  follows: 
training  task  =  Prob ( training) 

5-level  task  =  (1  -  Prob (training) )Prob (5-level) 
3-level  task  =  (1  -  Prob (training) ) Prob ( 3-level) 

Discussions  with  several  maintenance  personnel  have  provided 

support  for  assuming  that  training  task  times  and  3-level 

task  times  are  the  same.  Thus,  the  new  mean  task  time  for 

all  three  tasks  taken  together  can  be  represented  as: 

(Prob ( 3- level  time) )( 3-level  mean) 

+  (Prob ( 5-level  time) ) (5-level  mean) 


where 

Prob (3- level  time)  =  Prob ( training )  +  ( 1-Prob (training) ) 

*  Prob ( 3-level) 

and  Prob(5-level  time)  =  ( x-Prob (training) ) Prob ( 5-level) 
With  the  methodology  now  adjusted  for  training 
effects  and  the  error  effects  being  represented  to  a  certain 
extent  in  the  existing  data  base,  the  three  major  areas  in 
the  overall  methodology  will  not  be  discussed.  First,  the 
relationship  between  3-level  and  5-level  task  times  will  be 
presented.  Next,  an  explanation  will  be  presented  on  how  to 
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obtain  the  probability  that  a  task  will  be  performed  by  a 
3- level  or  5-level  using  the.  CODAP  information.  Finally,  a 
discussion  will  be  made  on  how  the  training  load  can  be 
assessed  as  a  function  of  the  number  of  3-levels  and  the 
specific  task  performed.  These  training  factors  will  deter¬ 
mine  the  probability  that  the  task  will  be  utilized  for 
training . 

Procedures  for  Quantification 
of  3-Level  Task  Times 

The  relationship  between  ?.- level  and  5-level  task 
times  reflect  the  difference  in  time  it  takes  a  5-level  tech¬ 
nician  to  do  the  task  as  opposed  to  a  level  technician 
because  of  the  difference  in  their  ability  levels.  The  task 
times  presently  used  in  the  LCOM  F-4E  model  reflect  a  5-leve.l 
skill  ability.  Hence,  it  is  necessary  to  measure  the  3-level 
task  times  for  each  task  or  define  the  relationships  between 
the  3- level  and  5-level  task  times.  (Specifically,  a  3-level 
task  time  is  the  time  it  takes  a  qualified  3-level  to  per¬ 
form  the  task.  A  "qualified"  3-level  has  obtained  sufficient 
training  on  the  task  and  can  now  perform  the  task  without  the 
help  of  a  trainer.}  Due  to  the.  large  number  of  measurements 
required  to  obtain  a  3-level  task  time  for  each  task,  a 
stratified  sampling  approach  will  be  used  to  gather  task 
times  on  5- levels  and  3- levels  for  the  various  systems  and 
tasks  worked  on  by  the  subject  workcenter.  A  regression 
analysis  will  be  performed  on  the  sample  data  to  develop  a 


t  r\ 


regression  predictor  model  for  3-level  task  times.  The 
independent  variable  inputs  to  the  regression  model  will 
involve  indicator  variables  for  the  various  systems  and 
task  types,  and  a  quantitative  variable  for  5-level  task 
times.  This  regression  model  structure  with  3- level  task 
times  as  the  dependent  variable  is: 

Y  =  &0  +  ^ixi  +  &2X2  +  S3X3  +  e4X4  +  65X5  +  66X6 

f  U7x7  +  B8x8  +  b9x9  +  610x10  +  H 

The  to  vairables  are  the  indicator  variables  for  each 
system,  the  X^  to  X^  variables  are  indicator  variables  for 
each  task  type,  and  is  the  quantitative  variable  for  the 
5- level  task  times.  Table  3-3  shows  the  corresponding 
relationship  between  the  indicator  variables  and  the  specific 
tasks  and  systems  worked  by  the  subject  workcenter  of  this 
thesis — the  navigation  specialist  flightline  workcenter 
(328X1) . 

Procedure  for  Quantification  of 
Skill  Level  Work  Probabilities 

The  next  measurement  to  explain  is  how  to  obtain  the 
probability  that  a  specific  task  will  be  worked  by  a  3-level 
or  a  5-level.  This  will  be  accomplished  using  the  informa¬ 
tion  from  CODAP.  To  develop  these  probabilities,  one  must 
be  able  to  capture  the  work  which  is  normally  done  by  a 
3-level  and  by  a  5-level.  The  work  which  3- levels  accomplish 
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will  reflect  their  ability  level  and  how  far  they  have  pro¬ 
gressed  through  their  training  requirements.  inutitively , 
therefore,  the  work  which  is  simple  and  routine  will  be 
accomplished  more  often  by  new  3-levels,  with  more  complex 
tasks  being  added  to  the  3-level's  workload  as  he  advances 
towards  becoming  a  L-'evel. 

The  CODAP  surveys  were  developed  to  specifically 
characterize  the  workload  of  particular  occupations.  The 
first  step  involves  developing,  within  the  practicality  of 
having  a  useful  survey  instrument,  a  job  inventory  survey 
for  an  occupation  which  lists  all  possible  tasks.  The  job 
inventory  survey  is  then  administered  to  the  technicians 
within  the  occupation.  The  information  from  the  surveys  can 
be  displayed  and  analyzed  in  several  different  ways  to  focus 
on  various  characteristics  of  the  occupation.  The  particular 
information  display  of  interest  to  this  thesis  is  the  Group 
Job  Description  By  Tasks.  An  example  of  a  Group  Job  Descrip¬ 
tion  Display  is  presented  in  Figure  3-6.  The  key  statistic 
in  this  display  is  the  "average  percent  time  spent  by  all 
members."  This  column  of  percentages  adds  up  to  1.00  and 
each  percentage  can  be  likened  to  the  probability  that  a 
member  from  this  group  will  be  performing  the  associated 
task.  The  information  can  also  be  broken  out  by  skill  level 
groups.  An  example  of  the  skill  level  groupings  is  shown  in 
Table  3-4.  This  table  is  actually  a  set  of  conditional 
probabilities  for  each  skill  group;  given  a,  skill  group,  the 
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probability  that  a  member  of  the  group  will  be  performing  a 
particular  task  is  the  average  percent  time  spent  on  t  e 
task  :  y  the  group. 

If  Table  3-4  is  viewed  as  a  condi4 ional  probability 
table,  the  marginal  probabilities  of  the  skill  level  groups 
represent  '  ie  proportion  of  tasks  performed  by  each  skill 
level  groi  j  to  the  combined  tasks  performed  by  all  tie  mem¬ 
bers,  With  these  marginal  probabilities,  it  is  possible  uo 
develop  a  joint  probability  table  using  the  probability 
multiplication  theorem: 

P(Ail3j)P(I!j)  =  P  (AiHUj) 

In  the  equation,  P(B^)  is  the  marginal  probabilit.  for  each 
skill  group  .  based  on  the  r  oportion  uJ  the  work  force  the 
skill  group;  represents,  and  P  (A^  |  £h  )  is  the  conditional 
probebi I ty  that  task  A^  will  be  worked  given  group  B  ^  . 

With  thi  joint  probabil i table  constructed,  it  is  possible 
to  calculate  the  conditional  probabilities  given  each  task 
with  the  following  veiEitn  of  the  multipli cation  theorem: 

P  (A, no.) 

Ku-jlA.)  =  - 

3  1  P(Ai) 

In  this  versiori,  the  margi  1  probabilities  for  the  tasks 
are  given  as  the  pe  ^ n  me  spent  on  the  particular 
tack  by  all  the  skill  groups  bined.  The  conditional 
probability,  1’  (Bj |a^) ,  gives  the  probability  that  a  task 
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will  be  performed  by  a  particular  skill  group  B ^ ,  given  a 
particular  task  A^ ,  This  is  rhe  type  of  information  required 
for  input  into  the  LCOM  model  since  it  gives  the  probability 
that  a  task  will  be  performed  by  a  3-level  or  5-level. 

With  the  basic  relationships  defined  for  the  tasks 
and  skill  level  groups  represented  in  CODAP,  all  that 
remains  is  to  match  the  tasks  described  and  used  in  LCOM  to 
the  tasks  described  in  CODAP.  Unfortunately,  a  one  for  one 
mapping  relationship  between  the  LCOM  tasks  and  CODAP  tasks 
does  not  exist.  A  proposed  mapping  is  presented  in  Table  3-5. 
Note  how  the  LCOM  tasks  have  been  broken  down  into  6  systems 
and  4  task  type  groups.  Within  this  framework,  all  of  the 
CODAP  tasks  which  fall  inco  each  category  are  listed  (Appen¬ 
dix  B  gives  a  description  for  each  CODAP  numeric  code  used) . 
Also  note  that  CODAP  has  a  set  of  gener  al  maintenance  (GMT)  ,■ 
trouble  shooting  ('ft; ST)  ,  and  verification  tasks  (GVT)  .  Each 
of  these  will  be  applied  across  all  LOOM  systems  in  the 
gen  cal  tank  area.  Thus,  for  each  system/group  in  LCOM,  the 
percent  tine  spent  wi 11  be  the  sum  of  the  corresponding 
CODAP  tasks  plus  a  weighted  proportion  of  the  applicable 
general  CODAP  cask  groups.  The  weighted  proportion  will  In 
figured  ujrng  data  from  preliminar  ■  LOOM  simulation  runs. 

The  number  of  times  each  task  is  expected  to  be  performed 
wil!  be  drawn  from  the  average  numb  r  of  tasks  hxt  during 
six  simulation  i  Each  task's  average  number  of  hits  will 

be  multiplier  by  its  mean  t.ask  time  to  give  the  expected 
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TABLE  3-5 


Proposed  LOOM  t'  CODAP  Mapping  Scheme 


LCOM  MAiNT  SYSTEM  RELATED  GENERAL  RELATED 

SYSTEM  ACTION  CODE  CODAP  CODES  CODAP  CODES 


71LOO 

Integrated 

Electronic 

Central-TACAN 

H  &  T 

M 

R  &  X 

V 

516  to  518 

492,  493 

502  to  515 

494  to  501 

28.93%  GTST 
34.54%  GMT 

N/A 

33.52%  GVT 

71M00 

Integrated 

Electronic 

Central-UllF 

Radio 

Hi! 

M 

R  &  X 

V 

183  to  192 

164,  165,  166 

171  to  182 

167  to  170 

.83%  GTST 
1.47%  GMT 

N/A 

,52%  GVT 

71S00  A  71VOO 

IFF 

Interrogator 

Set 

HAT 

M 

RAX 

V 

417 

N/A 

408  to  41.2,  415 

404  to  407 

62.76%  GTST 
53-89%  GMT 

N/A 

56.15%  GVT 

71T00 

IFF  MARK  XII 

HAT 

M 

RAX 

\T 

* 

417 

403,  416 

413,  -U4 

4Q/  tc  407 

62.76%  GTST 
3.3%  GMT 

N/A 

56.15%  GVT' 

72300 

Radar 

Altimeter 

HAT 

11 

RAX 

V 

373 

361,  362 

366  to  372 

363,  364,  365 

5.21%  GTST 
4.35%  GMT 

N/A 

7.1%  GVT 

72500 

Radar 

Transponder 

HAT 

M 

RAX 

V 

34  3 

331 

336  to  342 

332  to  335 

2.28%  GIST 
2.45%  GMT 

N/A 

2.71%  GVT 

G'  -  I  Tiuuule- 
si,  'asks 

Git  1!  A  T) 

All  H  A  T 

263  to  265 

N/A 

O'  act  Mainte¬ 

nance  1  asks 

GMT  dr 

All  M 

224,  229 ,  230,  232, 
250  to  252.  '>'  -o  j 
261,  2(>6 

N/A 

General  Id¬ 

eation 

GVT  < 

All  V 

79 

i 

N/A 

II  A  T  -  shoot;  M  _  Maintenance,  R  A  X  »  Kfetiove  &  Replace;  V  ■ 

Operal ioi  m  C  KB 
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time  spert  on  that  task  for  an  entire  simulation  period. 

These  expected  task  times  will  be  grouped  according  to  the 
LCOM  system  and  task  categories  shown  in  Table  3-5.  The 
proportion  of  time  spent  in  an  entire  simulation  period  for 
each  system/group  will  be  figured  by  taking  the  time  spent 
for  one  system/group  and  dividing  it  by  the  sum  of  all 
expected  times  across  all  systems  for  that  group  of  tasks. 

Once  the  mapping  is  complete,  a  Fortran  program  will 
be  used  to  generate  the  probability  that  a  3-level  or  5-level 
will  perform  the  tasks  within  each  system/group  combination. 
Different  marginal  probabilities  for  the  skill  groups, 

P  ( B j ) ,  will  be  used  for  each  skill  mixture  combination  and 
a  new  joint  probability  table  developed  for  each  skill  mix¬ 
ture.  Then,  as  previously  described,  the  new  conditional 
probability  table  will  be  constructed.  The  new  set  of  prob¬ 
abilities  developed  for  each  skill  mixture  will  be  used  to 
predict  whether  a  3-level  or  5-level  will  perform  the  task 
and  will  reflect  the  relative  changes  in  manning  of  one  skill 
level  group  over  the  other.  Thus,  if  the  relative  number  of 
3- levels  in  the  workcenter  increases,  their  share  of  the 
workload  should  also  increase,  but  only  as  much  as  their 
ability  level  allows.  This  relationship  is  inherent  in  the 
CGDAP  data  since  the  percent  time  which  group  members  spend 
On  a  particular  task  reflects  the  average  ability  of  the 
members  on  a  particular  task. 


Procedure  for  Quantif ica .-ion 
of  Training  Probabilities 

The  final  measure  required  to  complete  all  necessary 
inputs  to  the  LCOM  methodology  is  the  assessment  of  the  OJT 
workload  and  determination  of  the  probability  that  a  task 
will  be  used  for  training.  A  restriction  which  manpower 
personnel  at  TAC  must  deal  with  in  LCOM  is  that  the  work 
force  composition  in  LCOM  represents  the  average  status  of 
personnel  assigned  to  the  workcenter  over  time  (3).  Although 
training  requirements  quite  often  decrease  as  3~levels  gain 
experience  and  increase  as  new  3- levels  are  assigned,  these 
abrupt  changes  in  personnel  status  and  training  loads  cannot 
be  represented  in  LOOM  without  violating  the  above  con¬ 
straint.  Therefore,  in  order  to  model  the  impact  of  these 
changes,-  a  more  general  view  of  the  OJT  workload  which 
focuses  on  the  maximum  training  load  which  could  be  encoun¬ 
tered  is  required.  The  basic  assumption  used  in  developing 
this  general  view  of  the  OJT  workload  is  that  a  3-level  must 
receive  a  certain  amount  of  OJT  each  month  in  order  to  pro¬ 
gress  satisfactorily  in  his  training  program.  With  this 
assumption,  the  OJT  workload  can  be  quantified  by  assessing 
how  many  tasks  out  of  each  system/group  (defined  earlier) 
are  required  to  be  used  for  training  in  order  to  qualify  the 
average  3-level  in  these  tasks,  and  by  assessing  how  many 
months  it  will  take  to  fully  qualify  the  3-levei  in  these 
tasks.  With  these  two  assessments,  the  maximum  number  of 
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tasks  required  for  training  a  3- level  during  the  simulation 
time  period,  is  defined  by  the  following  relationship: 


(simulation  time  period)  .number  of  tasks  , 

(average  time  to  qualify)  required  for  training' 

The  above  relationship  represents  the  maximum 
training  workload  which  the  workcenter  could  experience  in 
the  training  progression  of  its  3-levels.  By  incorporating 
the  relationship  into  the  LCOM  methodology,  the  maximum 
training  effects  will  be  obtained.'1'  Thus  to  obtain  the 
probability  that  the  tasks  defined  for  each  system/group  will 
be  utilized  for  training  during  the  simulation  time  period, 
the  calculation  is  defined  as: 


Prob (training) 


.maximum  number  of  .  .number  of  3-levels, 
tasks  required  per  '  in  the  workcenter 

3- level  for  train -ng _  _ 

"  .expected  number  of  tasks  to  occur, 
in  the  simulation 


The  data  which  was  used  to  weight  the  CODAP  general  task 
groups  will  be  utilized  here  to  give  a  measure  of  the  "expec¬ 
ted  number  of  tasks  to  occur  in  the  simulation." 


Assuming  that  new  3-levels  rotate  into  the  workcen¬ 
ter  on  a  routine  basis  (so  the  training  workload  faced  by 
the  workcenter  stays  fairly  constant  from  one  month  to  the 
next) ,  the  following  relationship  may  be  appropriate  to 
quantify  the  average  number  of  tasks  for  training  a  3-level 
during  the  simulation  time  period; 


(simulation  time  period) 


.Number  of  tasks  required, 

_■ _ for  training 

( average  time  as  a  3- level ) 
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Combined  Procedures  to  Form 
LCOM  Methodology 

The  procedures  outlined  above  complete  the  discussion 
of  the  final  embellishments  to  the  methodology.  They 
included  establishing  the  relationship  between  3-level  and 
5-level  task  times,  and  explaining  how  to  obtain  the  proba¬ 
bility  that  a  task  will  be  accomplished  by  a  3-level  or 
5-level,  and  how  to  obtain  the  probability  that  a  task  will 
be  utilized  for  training.  Figure  3-7  summarizes  how  the 
steps  in  the  methodology  lead  to  developing  the  task  change 
cards  necessary  for  modifying  the  LCOM  data  base. 

Research  Design 

The  LCOM  methodology  outlined  above  shows  how  a  work- 
center's  skill  level  mixture  can  be  input  as  a  controllable, 
endogenous  variable  in  LCOM  simulations.  A  research  design 
will  now  be  presented  which  wi.1  1  isolate  the  skill  mixture 
effects  on  the  workcenter's  performance,  specifically  for  the 
flightline  328X1  navigation  specialist  shop  (on-equipment 
work) ,  in  the  LCOM  F-4E  model. 

A  full  factorial  research  design  will  be  accomplished 
with  the  two  factors  shown  in  Table  3-6.  The  factors  are  the 
number  of  technicians  assigned  to  the  workcenter,  and  the 
skill  mixture.  Three  levels  of  workcenter  manning  will  be 
used:  6,  8,  and  10,  along  with  ten  levels  of  assigned 

3-levels.  These  manning  levels  were  chosen  due  to  their 
appropriateness  in  handling  the  workload  generated  by  the 
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flying  scenario  used  in  this  simulation.  The  skill  mixture 
factor  will  involve  multiple  levels  where  skill  mixture  is 
defined  as: 


Skill  mixture  - 


(number  of  3-levels) ( 3) 

-*•  ( number  of  5-1  evels )  (  5) 

'"(’total  n umb er’’"eTT7o r k er s) 


The  two  factor  design  is  shown  in  Table  3-6.  Statistics 
will  be  gathered  in  10  day  intervals  over  each  60  day  simu¬ 
lation  in  order  to  obtain  six  repetitions  of  data  points  for 
each  factor  combination. 

Extraneous  variance  in  the  model  will  be  controlled 
partially  by  keeping  shift  structures  for  a  given  manning 
level  the  same,  allowing  for  unlimited  nonmanpower  resources, 
and  unlimited  manpower  resources  for  all  other  workcenters 
except  the  flightline  328X1  navigation  specialists.  Another 
controlled  condition  is  the  flying  schedule,  which  will  be 
identical  for  all  simulation  runs.  The  scenario  used  in  the 
flying  schedule  is  presented  in  Appendix  C.  Finally,  the 
random  number  generator's  3eed  values  will  also  be  held 
constant  for  all  simulations.  To  alleviate  startup  problems, 
a  10  day  warm-up  period  has  been  established  by  TAC  manpower 
03  being  adequate  for  this  F-4E  model. 

The  skill  mixutre  variable  for  the  simulation  run 
wiJl  be  changed  by  adjusting  the  marginal  probabilities  of 
the  skill  level  groups  usiny  the  CODAP-LCOM  conditional 
probability  method  discussed  earlier.  A  set  of  task  time 
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change  cards  will  be  generated  and  input  into  the  main  simu¬ 
lation  program  used  to  run  the  LCOM  simulation. 

Upon  completion  of  all  simulations,  the  following 
statistics  will  be  gathered  for  each  10  day  interval: 

INPUT  VARIABLES 

1.  number  of  people 

2.  skill  mixture 

3.  simulation  10  day  period  (1  thru  6) 

MAIN  SIMULATION  STATISTICS  (level  1  report) 

4.  number  of  sorties  flown 

5.  %  operational.ly  ready  rate 

6.  sortie  rate 

7.  flying  hours 

8.  utilization  rate 

9.  man-hours  per  flying  hour 

POST  PROCESSOR  STATISTICS 

10.  total  man-hours 

11.  tasks  completed 

12.  total  backorders 

13.  average  tasks  in  backorder 

14 .  average  backorder  duration 

15.  maximum  backorder  duration 

16.  total  man-hours  backordered 

In  addition  to  the  above,  a  productivity  statistic  will  be 
developed  by  taking  the  number  of  tasks  completed  and  divid¬ 
ing  it  by  total  man-hours  used. 

After  a  preliminary  screening  to  ensure  the  veracity 
of  the  data,  regression  analysis  with  different  combinations 
of  dependent  (Y)  and  independent  (X)  variables  will  be  made 
using  the  following  regression  model: 


y  «  30  +  eix;L  +  e2x2  +■  P3x3  +  P4x4  + 
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A  different  version  of  the  regression  model  will  be  developed 
using  each  of  the  following  LCOM  statistics  as  a  unique 
dependent  variable: 

-  utilization  rate 

-  total  man-hours 

-  total  backorders 

-  average  tasks  in  backorder 

-  average  backorder  duration 

-  total  man-hours  backordered 

-  productivity  statistic 

For  the  independent  variables  in  the  regression 
model,  X^  will  be  the  number  of  technicians  assigned  to  the 
workcenter,  X2  will  be  the  skill  mixture  for  the  workcenter 
as  defined  earlier,  and  and  X4  will  be  one  of  the  follow¬ 
ing  LCOM  statistics: 

-  sorties 

-  sortie  rate 

-  flying  hours 

-  tasks  completed 

These  four  statistics  are  used  in  the  regression  models  as 
possible  blocking  factors  for  workload.  The  blocking  factor 
is  necessary  to  eliminate  the  variability  in  the  dependent 
variable  attributable  to  the  changing  workload  of  the  work- 
center  from  simulation  to  simulation.  Any  autocorrelation 
effects  on  the  regression  model  due  to  high  correlation 
between  these  blocking  factors  will  be  evaluated  and  only  the 
most  significant  variables  will  be  used. 

From  the  regression  analysis,  the  impact  and  relation¬ 
ship  which  skill  mixture  has  with  the  dependent  variables 
will  be  assessed.  These  results  are  presenued  in  Chapter  4 
along  with  an  analysis  of  each  portion  of  the  LCOM  methodology. 


77 


Summary 


The  purpose  of  this  chapter  was  to  show  how  the  con¬ 
ceptual  framework  developed  in  Chapter  2  could  be  applied  in 
an  LCOM  methodology.  The  first  method  proposed  for  accom¬ 
plishing  this  involved  taking  each  existing  task  in  the  LCOM 
data  base  and  representing  it  by  two  tasks — one  for  each 
skill  level  group.  However/  this  method  proved  unfeasible 
since  the  substitution  scheme  used  by  the  LCOM  software  does 
not  allow  for  changing  the  task  time  distribution  to  match 
the  substitute  resource's  capabilities.  To  stay  within  the 
present  LCOM  software  ability  and  network  structure,  the 
following  assumption  was  made:  the  probabilities  of  a  3-level 
or  5- level  doing  the  task  can  be  determined  and  their  com¬ 
bined  weighted,  average  task  times  used  to  adequately  cap¬ 
ture  the  work  force  status  at  any  one  point  in  time.  Based 
on  this  assumption,  the  remaining  methodology  considered  the 
three  major  areas  listed  below. 

1,  A  regression  model  method  was  developed  to  cap¬ 
ture  the  relationship  between  3-level  and  5-level  task  times. 

2.  Data  provided  by  CODAP  'n  the  percent  time  spent 
by  all  members  of  a  specific  skill  level  group  on  particular 
tasks  was  used  to  construct  joint  and  conditional  proba¬ 
bility  tables.  Based  on  the  particular  skill  level  mixture, 
the  conditional  probability  table  gave  the  probability  that 
a  tasl  would  be  performed  by  a  3-level  or  5-level.  A 
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scheme  was  also  presented  on  how  to  interface  LCOM  tasks 
with  CODAP  tasks. 

3.  A  method  was  presented  for  determining  the  maxi¬ 
mum  training  workload  in  the  workcenter  for  each  system/task 
group  combination.  From  this  training  workload  calculation, 
the  probability  of  having  a  training  task  situation  in  the 
workcenter  was  explained  by  taking  the  number  of  3-levels 
requiring  training  for  a  group  of  tasks,  and  dividing  by  the 
expected  number  of  times  the  task  will  occur  during  the 
simulation. 

With  the  overall  methodology  established,  a  flow 
chart  was  presented  which  described  how  each  procedure  would 
be  used  to  develop  the  modified  LCOM  data  base.  Finally,  the 
research  design  which  will  be  used  to  isolate  the  skill  mix¬ 
ture  effects  on  the  workcenter* s  performance  over  several 
skill  mixture  and  workcenter  manning  combinations  was  pre¬ 
sented.  In  Chapter  4,  the  simulation  findings  and  analysis 
will  be  discussed. 
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Chapter  4 


ANALYSIS  AND  FINDINGS 

This  chapter  will  analyze  the  overall  results  of  the 
research  design  and  the  three  major  areas  of  the  LCOM  meth¬ 
odology  development;  (1)  the  3-level  task  time  relationship 
with  5-level  task  times;  (2)  LCOM-CODAP  mapping  and  meth¬ 
odology  for  developing  the  probability  that  a  task  will  be 
performed  by  a  3-level  or  5-level;  and  (3)  the  development 
of  the  training  probabilities  for  each  task.  The  major 
areas  of  the  LCOM  methodology  will  be  discussed  first. 

Analysis  of  Task  Time 

Quantification  Procedures 

A  stratified  sample  of  tasks  within  the  six  major 
aircraft  systems  worked  by  the  328X1  specialist  was  obtained 
from  TAC/XPM  (3),  This  information  was  added  to  a  sample  of 
tasks  taken  from  Howell's  dissertation  and  provided  a  total 
of  39  sample  data  points.  Each  sample  data  point  reflected 
the  System,  task  group,  5-ievel  task  time  and  the  3— level 
task  time.  The  data  was  arranged  using  a  regression  scheme 
consisting  of  indicator  variables  and  quantitative  variables 
as  presented  in  Chapter  3.  Appendix  D  shows  the  values  for 
each  variable  as  input  to  the  regression  analysis  program. 
The  result  of  the  regression  analysis  gave  the  following 
regression  model; 


Y  =  (-.087)  +  (-.216)X2  +  (.218)X5  +  (.092)Xg 

+  ( .  149  )  X-,  +  (-.139)Xg  +  (1.453)X1q  +  {-.643)Xi;l 

2 

This  regression  model  showed  an  R  value  of  .988  which 

indicates  that  almost  all  of  the  variability  in  the  3-level 

task  times  can  be  attributed  to  the  above  independent 

variables.  These  variables  represent  the  following  systems, 

tasks,  and  quantities. 

=>  IFF  Interrogator  Set 
*  avUC's  71S00  and  71V00) 

X  =*>  Radar  Transponder  System 
^  (WUC  72500) 

Xg  =*•  Troubleshoot,  no  defect 
''  (Action  code  H) 

X  =->  Maintenance  Repair 
(Action  code  M) 

Xg  =*>  Remove  6  Replace 

(Action  codes  R  and  x) 

Xio=>  5-level  task  time 

X-  Indicator  variable  for  those  tasks  less  than 

' .5  Hrs  (This  variable  was  added  to  help 
predict  the  lower  task  times) 

The  actual  output  from  the  Statistical  Package  for  Social 
Sciences  (SPSS)  computer  run  is  included  in  Appendix  D.  In 
older  to  verify  that  this  regression  model  meets  the  neces¬ 
sary  regression  constraints  of  normality  and  constancy  of 
vairance  of  the  error  terms,  the  following  tests  were  con¬ 
ducted.  A  Kolomorgov-Smirono’’  test  for  determining  the 
normality  of  the  standardized  residuals  concluded  that  they 


81 


are  normal  with  a  .049  significance  level.  Also  the 
residuals  displayed  constancy  of  error  variance  behavior 
when  plotted  out,  and  passed  a  runs  test  for  randomness. 

The  above  regression  model  was  used  as  a  predictor 
model  for  the  328X1  on-equipment  tasks  in  the  LCOM  F-4E  data 
base.  The  result  of  the  predictor  model  is  shown  in 
Table  4-1.  An  examination  of  these  values  shows,  that  the 
3-level  task  times  predicted  for  the  majority  of  5-level  task 
times  less  than  0.5  hours  are  outside  the  range  of  the 
predictor  model.  Apparently,  these  task  times  (less  than 
0.5  hours)  are  so  small,  that  the  predictor  model  cannot 
distinguish  the  increase  of  the  3-level  time  over  the  5-level 
time.  One  possible  explanation  is  that  the  task  time 
relationship  exhibits  a  nonlinear  relationship  below  o . 5 
hours,  and  perhaps  not  enough  data  points  were  present  at  the 
low  end  of  the  task  time  spectrum  -co  fully  distinguish  the 
relationship.  Therefore,  the  tasks  which  were  outside  the 
predictive  capability  of  the  model  will  be  considered  equal 
to  the  5-level  task  times,  since  any  changes  in  these  task 
times  would  be  very  small,  and  essentially  equal. 

Analysis  of  the  Skill  Level's  otk 

Probability  Quantification  Procedures 

The  second  major  area  in  the  LCOM  methodology  is  the 
development  of  the  probabilities  that  a  task  will  be  per¬ 
formed  by  a  3-level  or  a  5-level  using  the  CODAP  information. 
The  CODAP  information  on  the  percent  time  spent  on  each  task. 
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TABLE  4-1 


Task  Time  Predictor  Model  Results 


LCOM 

5-Level 

Task 

Time 

3-Level 

Task 

Time 

LCOM 

5-Lev^l 

Task 

Tima 

3-Level 

Task 

Time 

H71L02 

.60 

.88 

T71T02 

.10 

-.01** 

H71L03 

.80 

1.17 

T71VOO 

.30 

.07** 

H71LC4 

1.60 

2.33 

T71V01 

.10 

-.22** 

H71M01 

.20 

.23 

T71V02 

.20 

-.08** 

H71SC0 

1.80 

2.40 

772300 

.10 

-.01** 

H71T00 

.10 

.  09** 

T 72 301 

.80 

1.08 

H72300 

.70 

1.02 

T72302 

.10 

-.01** 

H72301 

1.00 

1.46 

T72303 

.10 

-.01** 

H7250G 

1.20 

1.97 

T  7  2  5  0  0 

1.20 

1.87 

M71L02 

1.00 

1.52 

T72501 

.20 

.  36 

M71L03 

.50 

.79 

T72502 

.10 

.21 

M71M01 

.  20 

.29 

V71L06 

.90 

1.22 

M71S00 

1.00 

1.30 

V71L08 

.30 

.28** 

M71S01 

1.  20 

1.59 

V7XL09 

.10 

-.01** 

M71T00 

.50 

.79 

V71L10 

.20 

.14** 

M71T02 

.10 

.14 

V71L11 

1.00 

1.37 

M71V0G 

1 .  30 

1.74 

V71M03 

,  10 

-.01** 

M72300 

.20 

.29 

V 7 IMG 4 

.10 

-.01** 

M72301 

1.50 

2.24 

V71S00 

.90 

1.  00 

M72500 

1.20 

2.02 

Vi  iSui 

r 

.  .iV  U 

-  .08** 

R71L00 

.40 

.29** 

V7.LS02 

.10 

-.22** 

R71L06 

.  40 

.29** 

V71T00 

.90 

1.22 

R71L07 

1.20 

1.52 

V7 1T0 .1. 

.10 

-.01** 

R71M02 

.20 

.00** 

V71T02 

.  10 

-.01** 

R71S00 

1.30 

1.45 

V72300 

.  20 

.  14** 

R71T00 

.  30 

.15** 

V72301 

.10 

-.01** 

R71V00 

.  50 

.  7  8  *  * 

V72302 

.10 

-.01** 

R72300 

1.  30 

1.66 

V72303 

1.00 

1.  37 

R72301 

.50 

,.50 

V72500 

1.40 

2.17 

R72.302 

.40 

.  29** 

V72501 

.  20 

.  36 

R72500 

1.70 

2.46 

V72502 

.  10 

.21 

R72501 

.  50 

.72 

X71L00 

r>  r\ 

*  O  V 

.94 

TV  i.L0  6 

.  75 

1.00 

X71L03 

1.30 

1.66 

T71L08 

.  50 

.  64 

X71L04 

.10 

-.15** 

T71L09 

.  10 

-.01** 

X71L05 

.80 

.94 

T71L10 

.20 

.  14** 

X71M03 

.20 

.  00** 

T71M04 

.40 

..4  3 

X71S00 

1.80 

2.17 

T71M05 

.10 

-.01** 

X71T00 

.30 

.15** 

T71M06 

.  10 

-.01** 

X71V00 

1.  10 

1.16 

T71S00 

2.00 

2.60 

X72300 

1.70 

2 . 24 

T71S0L 

.  20 

-.08** 

X72301 

1.00 

1.23 

T71S02 

.10 

-.22 

X72302 

1.00 

1.23 

T71T00 

1.20 

1.66 

X72500 

4.00 

5.80 

T71T01 

.10 

-.01** 

ENT  TASKS 
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broken  down  by  skill  level  group,,  was  obtained  from  Dr.  Henk 
Ruck,  Human  Resources  Lab,  Brooks  AFB,  Texas.  This  COD\T 
information  was  taken  from  the  subgroup  <  f  navigation  spe¬ 
cialists  working  on  all  medals  of  the  F-4  aircraft  in  order 
to  obtain  a  representative  sample  in  tha  survey  of  3-level 
F-4  navigation  specialists.  The  5-level  group  sample  used 
in  this  research  included  both  5-levels  and  7-levels  in  the 
survey.  The  results  in  Table  4-2  show  only  approximately 
28%  of  the  work  represented  in  CODAP  could  be  mapped  to 
LCOM .  The  degree  of  mapping  is  probably  lower  than  what 
would  have  been  obtained  from  an  all  F-4E  sample  group  since 
various  other  navigation  systems  on  other  F-4  models  are 
registering  work  in  the  overall  F-4  sample  group  which  does 
not  occur  in  the  F-4E  sample  group.  Since  only  a  measure  of 
the  relative  difference  in  the  work  done  by  the  different 
skill  groups  is  being  sought,  differences  between  the  work 
represented  in  the  F-4  and  F-4E  sample  groups  is  assumed  to 
have  small  significance.  In  fact,  no  matter  which  group  of 
specialists  are  taken  (all  F-4  or  just  F-4E) ,  not  all  of  the 
CODAP  tasks  can  be  mapped  to  LCOM  since  CODAP  includes 
administrative,  management,  and  other  such  tasks  which  are 
not  represented  in  the  LCOM  F-4E  data  base. 

With  the  CODAP  to  LCOM  mapping  complete,  a  Fortran 
program  was  used  to  calculate  the  conditional  probability 
of  a  3-level  or  5-level  performing  a  given  task  over  the 
different  skill  level  mixtures  required  by  the  research 
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TABLE  4-2 


CODAP  to  LCOM  Mapping  Results  for 
Percent.  Time  Spent 


P-4E 

LCOM 

-  '  " 

- -  -  - - 

Combined 

Navigation 

Action 

Group 

System 

Code 

3 -Level 

5-Leve 1 

Sample 

H 

& 

T 

1 . 3870 

1. 4261 

1.4216 

71L00 

M 

2.2430 

1.7685 

1 . 8246 

R 

& 

X 

3.4020 

3.3699 

3.3738 

V 

3.0243 

3.4499 

3. 3995 

H 

& 

T 

.9518 

.  7334 

.75  89 

71M00 

M 

.1932 

.2259 

.2221 

R 

& 

X 

1.4900 

1.6607 

1.6407 

V 

.7478 

.  7364 

.7373 

H 

& 

T 

1.6555 

1.5558 

1.5677 

71S00  & 

M 

2.9753 

2.1148 

2.2164 

71V00 

R 

Sr 

X 

1.6410 

1.8583 

1.8325 

V 

1.7502 

2.2454 

2.1869 

II 

& 

T 

1.6555 

1.5558 

1.5677 

71T00 

M 

1.1412 

1.0290 

1.0422 

A 

& 

X 

.6460 

.7902 

.7732 

V 

1.7502 

2.2454 

2.1869 

H 

& 

T 

.  7274 

.6007 

.6157 

72300 

M 

.7652 

.  r344 

.5616 

R 

(. 

X 

2. 2750 

1..  .  5  5 

1.8256 

V 

1.2751 

.  9n  3c 

1.0271 

H 

•& 

T 

.0555 

14  ‘  i 

.1338 

72500 

M 

.1373 

.  1305 

.1313 

R 

& 

X 

.  0400 

.  7  '.96 

.3131 

V 

,0136 

.2888 

.2552 

TOTAL 


28.5372 


27.7720 


27.8623 


design.  An  example  of  the  results  is  presented  in  Table  4-3. 
The  first  step  in  transforming  the  unmodified  CODAP  data  on 
"percent  time  spent  by  group  members,"  involved  calculating 
a  set  of  joint  probabilities  for  each  skill  group  and  task 
as  outlined  in  Chapter  3.  As  presented  in  Table  4-2  earlier, 
the  CODAP  to  LCOM  mapped  data  represents  a  table  of  condi¬ 
tional  probabilities  for  a  specific  task  group  given  a  skill 
level  group  and  the  marginal  probabilities  for  each  task 
group  are  given  as  the  percent  time  spent  by  both  skill 
groups  together.  After  transforming  the  data  into  a  joint 
probability  table  and  adding  the  probabilities  across  each 
task,  a  new  set  of  marginal  probabilities  were  calculated 
and  compared  to  the  original  marginal  probabilities .  The 
differences  between  these  marginal  probabilities  are  shown 
along  with  the  calculated  marginal  probabilities  in  the  joint 
probability  table  in  Table  4-3.  After  calculating  all  the 
joint  probability  tables,  it  was  noted  that  for  high  skill 
level  mixtures,  the  original  marginal  probabilities  practi¬ 
cally  match  the  marginal  probabilities  obtained  by  adding 
the  joint  probabilities  across  each  task.  However,  as  the 
skill  mixture  decreases  (the  proportion  of  3-levels  increase), 
the  difference  between  the  calculated  and  original  marginal 
probabilities  becomes  greater.  Table  4-4  shows  how  the 
average  difference  in  marginal  probabilities  varies  with  skill 
mixture.  This  effect  can  be  partially  attributed  to  differ¬ 
ences  in  the  number  of  significant  digits  between  the  3-level 
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Example  of  Joint  Probability  Table  &  Conditional  Probability  Table  Obtained 
From  the  Probability  Transformation  Process  Outlined  in  Chapter  3 
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Group  Marginal  Unity  Calculated 


TABLE  4-4 


Skill  Mixture  Trends  in  the  Difference  of  the 
Marginal  Probability  Predicted  by  CODAP 
and  the  Calculated  Marginal 
Probabilities 


Skill  Mixture 

Average  Error  Difference 
in  Marginal  Probabilities 

3.  0 

.00211548 

3-2 

.00187561 

3.25 

.00181564 

3.  33 

.00171569 

3.40 

.00163574 

3.  50 

.00151580 

3.60 

.00139587 

3. 67 

.00131591 

3.75 

.00121596 

3.  80 

.00115600 

4.0 

.00091613 

4.2 

.00067625 

4.25 

.00061629 

4.33 

.00051634 

4.4 

.00043638 

4.5 

.00031645 

4.6 

.00019651 

4.67 

.00011656 

4.75 

,00001662 

4.8 

.00004336 
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and  5- level  percent  time  data  obtained  from  the  Human 
Resources  Lab.  There  is  also  a  possibility  that  as  the  skill 
mixture  decreases,  the  percent  time  spent  by  all  members  in 
both  groups,  is  no  longer  representative  for  the  work  force 
characterized  by  that  skill  mixture.  Overall,  the  average 
difference  is  less  than  1%  and  is  assumed  to  be  insignifi¬ 
cant.  However,  further  research  in  this  area  is  needed  to 
substantiate  this  assumption  and  verify  that  the  percent 
time  spent  by  the  different  skill  level  groups  and  all  groups 
together  do  not  change  significantly  when  the  skill  mixture 
composition  of  the  v’ork  force  changes. 

Analysis  of  the  Training  Probability 
Quantification  Procedures 

The  final  area  of  methodology  development  involves 
determining  the  training  probabilities.  The  information  on 
the  number  of  tasks  and  number  of  months  it  takes  to  qualify 
a  3- level  in  a  specific  task  group  area,  as  required  in  the 
training  workload  methodology  outlined  in  Chapter  3,  was 
developed  through  Delphi  techniques.  This  information  is 
shown  in  Table  4-5.  Once  formulated,  this  information  was 
used  in  the  equations  developed  in  Chapter  3  to  derive  the 
training  probabilities  for  each  system-task  group  used  in 
the  CODAP  to  LCOM  mapping  procedure.  An  example  of  the 
training  probability  results  is  shown  in  Table  4-6.  These 
results  show  that  the  probability  of  a  task  from  a  task 
group  combination  being  used  for  training  will  increase  as 
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TABLE  4-5 


Delphi  Results  for  Qualification  Requirements 
for  3-Levels 
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the  number  of  3-levels  in  the  workcenter  increases.  This  is 
expected.  Also,  for  certain  system  task  groups,  the  fre¬ 
quency  with  which  these  tasks  occur  during  the  simulation 
is  not  enough  to  handle  the  prescribed  training  load  for  a 
large  number  of  3-levels  in  the  workcenter.  This  is  exhib¬ 
ited  by  the  100%  probability  for  the  task  being  used  for 
training.  This  inability  to  handle  the  prescribed  training 
load  can  have  adverse  impacts  on  the  training  which  3-levels 
receive  in  these  tasks  and  can  cause  their  training  pro¬ 
gression  to  move  slower  than  desired. 

Research  Design  Results 

Upon  completion  of  the  procedures  required  by  the 
three  main  areas  in  this  LCOM  methodology,  the  new  mean  task 
times,  adjusted  for  the  skill  mixture  relationship  o n  task 
times,  probability  of  the  work  being  accomplished  by  a 
3-level  or  5-level,  and  training  workload,  were  developed 
using  a  Fortran  program.  These  new  mean  task  times  were 
for  ed  to  the  requirements  of  the  LCOM  task  change  card 
(TKCNG)  and  input  into  each  corresponding  simulation  run 
required  by  the  full  factorial  research  desiyn.  Thu  various 
dependent  and  independent  variables  used  for  the  regression 
analysis  were  collected  for  each  simulation.  The  regression 
data  were  categorized  upon  input  to  the  regression  analysis 
program  by  skill  mixture,  number  of  people,  and  simulation 
time  period.  Thus,  six  10-day  sets  of  statistics  from  the 


mam  simulation  level  1  report  and  post  processor  report 
were  used  to  develop  each  category  subfile  of  data  based  on 
skill  mixture  and  number  of  people.  This  provided  a  total 
of  162  cases  for  each  variable  over  27  different  skill  mix¬ 
ture  and  manning  combinations.  An  example  of  these  statis¬ 
tics  is  shown  in  Table  4-7. 

At  this  time,  the  regression  analysis  for  each  of 
the  various  dependent  statistics  listed  in  the  Research 
Design  section  of  Chapter  3  will  be  discussed.  The  SPSS 
computer  outputs  for  each  of  these  regression  models  can  be 
found  in  Appendix  E. 

The  regression  relationship  with  the  workcenter 
utilization  rate  ( GTIL)  as  the  dependent  variable,  Y,  is: 

Y  -  113 .733  +  {-4.209)X1  -i  (-2.5858)X2 

+  (.2031)X3  +  (-.0961)X4 


The  variable  X^  represents  the  total  number  of  workers  (PEOP) 
assigned  to  the  workcenter,  X2  represents  the  skill  mixture 
(MIX)  of  the  workcenter  work  force  and  variables  X^  and  X4 


are  Li- 
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number  of  tasks  (TASKS)  accomplished  in  the  workcenter  and 
the  total  number  of  sorties  (SORT)  flown  respectively.  All 
of  these  independent  variables  together  account  for  82%  of 
the  variability  in  the  utilization  rate.  The  F-statistic 
value  for  each  8  coefficient  is  such  to  allow  the  conclusion 


q 


that  each  8  coefficient  is  significant  and  not  equal  to 
zero.*'  When  isolating  the  skill  mixture  relationship  with 
utilization  rate  by  holding  the  ocher  independent  variables 
constant,  the  regression  results  show  that  for  an  increase 
in  the  skill  mixture  variable  (increase  the  proportion  of 
5-levels  in  the  work  force) ,  there  is  a  corresponding 
decrease  in  utilization  rate  (measured  in  percentage  points) 
by  a  factor  of  2.9898. 

The  next  regression  model  for  total  man-hours  (MNHRS) 
used  in  the  workcenter  as  the  dependent  variable,,  Y,  is: 


Y  =  338.74  +  (-17.199)X2  +  (1„255)X3  +  (-.259)X4 


The  independent  variables  in  this  model  are: 

X,  =  MIX 
X3  =  TASKS 

X^  =  Flying  hours  iFLYdR) 

Note  that  the  variable  for  number  of  people  did  not  enter 
in  the  regression  model.  This  results  from  the  F-stat.istic 
not  being  large  enough  to  signify  any  impact  on  the  regres¬ 
sion  model  with  the  people  variable  entered  into  the  model. 


The  F-statistic  cited  comes  from  the  F-test  pro¬ 
cedures  used  in  SPSS  to  determine  the  significance  of  each 
variable  on  the  impact  it  has  on  the  regression  model. 

This  test  is  similar  to  testing  the  null  hypothesis  that  the 
8  coefficient  is  equal  to  zero.  For  F-values  greater  than 
5.0,  the  significance  level  is  less  than  .C5.  Therefore,- 
for  F-values  greater  than  5.0,  the  alternate  hypothesis 
that  8  =  0  is  acceptable  at  an  «  level  of  .05. 
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All  of  the  other  variables  are  significant  though,  and  their 
combined  effect  accounts  for  56%  of  the  variability  in  total 
man-hours.  When  isolating  the  skill  mixture  effects  on 
man-hours  used,  the  regression  model  shows  that  for  an 
increase  in  skill  mixture  there  is  a  corresponding  decrease 
in  total  man-hours  used  by  a  factor  of  17.19  hours. 

The  regression  analysis  with  the  number  of  tasks 
backordered  (BO)  as  the  dependent  variable,  Y,  gives  the 
following  regression  model: 

Y  =  204.25  +  (-lO.SOJX.  +  (-4.04)X2  +  (.  796)X3 

+  (-145.41)X4 

The  independent  variables  in  this  model  are: 

v  orr\t> 

“1  - 

X2  =  MIX 

X3  =  TASKS 

X.  =  Sortie  Rate  (RATE) 

4 

All  of  these  variables  show  a  significant  impact  on  the 
model  and,  combined,  they  account  for  86%  of  the  variability 
associated  with  the  nmnteir  of  ta.s)cs  hacRoirde^ecl ;  The  direct 
relationship  between  skill  mixture  and  the  number  of  tasks 
backordered  represented  by  the  regression  model  shows  that 
for  an  increase  in  skill  mixture,  the  number  of  tasks  back¬ 
ordered  decreases  by  a  factor  of  4.04. 

The  next  three  regression  models  deal  with  various 
aspects  of  backorder  statistics.  Shown  below  are  the 
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regression  results  for  the  average  number  of  tasks  in  back- 
order  status  (AVEBQ) ,  average  backorder  duration  (BODUR) , 
and  total  man-hours  backordered  (MNHRBO) ,  respectively. 
AVEBO: 

Y  =  1.849  +  (-.093)X1  +  (-.061)X2  +  (.0046)X3 

+  (-.0016)X4 

BODUR : 

Y  =  2 . ?0  +  (- . 124) X,  +  (-.107)X2  +  (.0016)X3 


MNHRBO : 

Y  =  319.40  +  (“44.69)X1  +  (-28.92)X2  +  (2.09)X3 

The  independent  variables  in  these  equations  are: 

X^  =  PEOP 
X„  =  MIX 
X3  =  TASKS 
X4  =  SORT 

As  noted  earlier,  backorders  are  time  related  delays  which 
can  be  viewed  in  different  ways  in  order  to  measure  the 
relationship  of  backorders  to  tasks  or  man-hours.  The  impact 
of  skill  mixture  on  the  dependent  variables  after  blocking 
for  workload  variability  is  significant  in  each  case. 
Furthermore,  the  ability  of  each  regression  model  to  account 
for  a  significant  portion  of  the  variability  associated  with 
its  dependent  variable  is  also  very  good.  The  R  SQUARE 
values  indicate  66%,  41%,  and  65%,  respectively,  for  these 
regression  models.  The  direct  relationship  between  skill 
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mixture  and  each  dependent  variable  shows  for  an  incremental 
increase  in  skill  mixture;  the  respective  changes  in  each 
dependent  variable  are  as  follows;  the  average  number  of 
tasks  in  backorder  decrease  by  a  factor  of  -06  tasks,  average 
backorder  duration  decreases  by  a  factor  of  .107  hour,  and 
total  man-hours  backordered  decreases  by  a  factor  of  28.91 
hours . 

A  final  time  dependent  measure  was  calculated  by 
taking  the  number  of  tasks  accomplished  and  dividing  by  the 
total  man-hours  used.  This  productivity  statistic  (PROD) 
was  used  as  the  dependent  variable  in  the  following  regres¬ 
sion  results: 


Y  =  (-.522)  +  (,064)X2  +  (.0014)X3 


The  independent  variables  are: 

X2  =  MIX 

X3  =  SORT 

In  order  to  avoid  confounding  the  regression  model  with 
autocorrelation  between  the  dependent  and  independent  vari¬ 
ables,  only  the  number  of  sorties  flown  (SORT)  was  used  as  a 
blocking  factor  for  workload  variability.  Skill  mixture 
shows  a  significant  impact  on  the  regression  model,  and 
overall,  the  regression  equation  accounts  for  23%  of  the 
variability  in  the  productivity  variable.  The  specific 
relationship  shows  an  incremental  increase  in  skill  mixture 


produces  a  corresponding  increase  in  productivity  by  a  factor 
of  .06  tasks  per  man-hour. 

The  final  regression  model  presented  in  this  chapter 
is  for  the  skill  mixture  variable  as  the  dependent  variable. 
This  was  done  in  order  to  determine  if  a  regression  model 
could  be  used  to  indicate  the  appropriate  skill  mixture  for 
a  given  workload  situation  defined  by  independent  variables 
such  as  utilization  rate  (UTIL)  number  of  people  (PEOP)  , 
number  of  tasks  accomplished  (TASKS)  ,  and  number  of  sorties 
flown  (SORT) .  The  following  regression  model  is  the  result 
of  this  analysis  with  MIX  as  uie  dependent  variable: 


Y  12.13  +  (-.  308^  +  (~.073)X2  +  (.017)X3 


+  (-.0077)X4 


where 

=  PEOP 
X2  =  UTIL 
X3  =  TASKS 

X.  =  SORT 

4 

Using  these  four  independent  variables,  22%  of  the  varia¬ 
bility  associated  with  skill  mixture  can  be  captured.  The 
utilization  rate  variable  has  the  strongest  significance  to 
the  regression  equation,  followed  by  number  of  people,  tasks 
accomplished,  and  finally  number  of  sorties  flovm.  The 
effect  of  the  number  of  sorties  flown  in  the  regression 
equation  is  significantly  less  than  the  other  independent 
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variables  and,  in  fact,  shows  a  21%  chance  of  being  zero. 

For  the  remaining  independent  variables,  their  direct  impact 
on  skill  mixture  are  as  follows:  an  incremental  increase  in 
utilization  rate  corresponds  to  a  decrease  in  skill  m  .xture 
by  a  factor  of  .07;  an  incremental  increase  in  number  of 
people  corresponds  to  a  decrease  in  skill  mixture  by  a 
factor  of  .30;  and,  finally,  an  incremental  increase  in  num¬ 
ber  of  tasks  accomplished  corresponds  to  an  increase  in  skill 
mixture  by  a  factor  of  .017. 

Summary 

The  findings  from  the  overall  LCOM  methodology  pre¬ 
sented  in  this  chapter,  have  shown  the  feasibility  and  sig¬ 
nificance  of  using  such  an  approach  for  explaining  the  impact 
of  skill  mixture  on  workcenter  capability.  The  primary  con¬ 
straint  throughout  this  methodology  has  been  to  reflect  the 
structural  model  relationships  conceptualized  in  Chapter  2 
within  the  existing  LCOM  structure.  The  first  step  in  this 
process  involved  establishing  the  task  time  relationship 
between  3-levels  and  5- levels  for  the  system/task  groups 
worked  by  328X1  navigation  specialists.  After  deriving  these 
task  times,  the  probabilities  of  a  5-level  or  3-level  perform¬ 
ing  each  task  were  determined  using  a  CODAP  to  LCOM  mapping 
scheme  followed  by  a  mathematical  transformation  of  the  con¬ 
ditional  probabilities  found  in  CODAP  to  those  required  by 
this  research.  The  last  step  in  preparing  the  LCOM  data 
base  was  to  incorporate  the  training  probabilities  for  all 
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of  the  tasks  performed  by  the  328X1  specialists  and,  finally, 
calculating  the  new  mean  task  time  for  each  task.  With  the 
modified  data  base  established,  a  sensitivity  analysis  of 
skill  mixture  relationships  was  performed  using  the  full 
factorial  research  design  presented  at  the  end  of  Chapter  3. 
The  results  of  the  final  simulation  regression  analyses 
showed  siignif icant.  correlations  between  skill  mixture  and 
various  measures  of  wcrkcenter  capability.  In  the  next 
chapter,  a  summary  of  the  major  conclusions  c f  this  thesis 
and  recommendations  for  further  research  will  be  discussed. 


Chapter  5 


CONCLUSIONS  AND  I  IE COMMENDATIONS 


Conclusions 

The  objective  of  this  thesis  has  been  to  develop  and 
incorporate  into  LCOM  a  methodology  which  can  be  used  to 
capture  the  skill  mixture  relationships  within  the  workcenter, 
and  distinguish  the  effects  which  skill  mixture  has  on  the 
productivicv  and  output  of  the  maintena.  ce  workcenter.  The 
first  step  in  reaching  cM?-.  objective  v.as  to  establish  a 
conceptual  framework  for  understands  the  complex  relation¬ 
ships  existing  in  the  maintenance  workcenter  and  overall 
maintenance  system  at  large. 

The  conceptualized  maintenance  system  presented  in 
Chapter  2  provided  an  understanding  of  how  to  structure  the 
relationships  between  the  maintenance  tasks,  different 
skilled  members  of  the  work  force,  and  decision  structure 
used  to  assign  these  tasks  to  specifically  skilled  techni¬ 
cians  in  the  work  force.  A  formal  structural  model  using 
Q-GERT  networks  was  dev  sloped  with  the  above  relationships . 

In  particular,  the  degree  of  experimental  control  which  the 
modeler  has  over  the  simulation  processes  used  in  Q-GERT 
allowed  for  the  development,  of  a  precise  tool  with  which  to 
structure  the  skill  mixture  problem.  The  Q-GERT  model  was 
able  to  distinguish  changes  in  the  status  of  the  work  force 
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at  any  given  time  in  the  workcenter's  operation.  The  actual 
status  of  the  work  force  was  essential  to  the  decision  pro¬ 
cess  used  in  assigning  technicians  to  tasks  based  on  their 
specific  abilities  and  training  requirements.  In  this  manner, 
the  particular  skills  of  available  technicians  could  be 
matched  to  the  difficulty  level  of  the  next  available  task. 

With  the  conceptualized  model  established,  the  next 
area  of  concern  was  to  determine  the  effect  of  a  technician's 
maintenance  errors  on  the  workload  and  workflow'  of  the  work- 
center.  These  errors  are  essentially  due  to  mismatching  the 
technician's  skill  ability  with  the  difficulty  of  the  task. 

The  affects  of  such  errors  either  increases  the  number  of 
times  the  task  is  worked,  or  increases  the  failure  rate  of 
the  particular  aircraft  system.  Specific  quantification  of 
this  relationship  was  not  pursued,  however,  since  such 
relationships  are  already  partly  reflected  in  the  LCOM  data 
base,  and  that  any  changes  to  these  task  proportions  and 
failure  rates  could  invalidate  the  model. 

There  were  three  major  skill  mixture  relationships 


presented  in  the  methodology  which 


required  quantification. 


First,  was  a  quantification  of  the  relationship  between 
3- level  and  5- level  task  times  and  OJT  task  times.  Based  on 
a  stratified  sample  cf  5- level  and  3-level  task  times  for 
the  various  systems  and  tasks  worked  by  the  subject  work- 
center,  a  regression  analysis  was  performed  and  utilized  as 
a  predictor  model  for  3-level  task  times.  Even  though  the 
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regression  model  variables  were  significant,  the  applica¬ 
bility  of  using  this  technique  proved  to  be  most  effective 
in  predicting  task  twines  for  which  the  given  5-Ieve.l  task 
time  was  greater  than  0.5  hours.  Task  times  less  than  0.5 
hours  were  beyond  the  predictive  capability  of  the  regression 
model  and  indicated  either  a  greater  sample  proportion  was 
needed  for  data  points  within  this  time  limit  or  perhaps 
the  regression  relationship  below  0.5  hours  is  nonlinear. 

In  order  to  quantify  training  task  times,  an  assumption  was 
made  (based  upon  discussions  with  several  maintenance  tech¬ 
nicians)  that  such  training  times  would  be  equivalent  to  the 
3-level  task  time  for  the  particular  task. 

The  second  skill  mixture  relationship  requiring 


quantnication  luvuivec  tnc  uJ' 


Ji.  hxoau  vva.  wjxa  nwi  rw  ~ 


center.  Given  the  aircraft  system  and  type  of  maintenance 
task,  the  probability  that  a  task  is  performed  in  an  OJT 
situation  was  determined  by  establishing  a  time  table  for 
task  training  progression,  the  required  number  of  training 
situations  per  task,  and  the  number  of  3-levels  reqv'.-.ring 
training.  These  training  relationships  were  validated  using 
Delphi  techniques  and  were  incorporated  into  the  LCOM  meth¬ 
odology.  One  deficiency  noted  with  the  procedure  was  that 
certain  system/task  groups  studied  in  this  thesis  required 
100%  probability  for  training.  This  was  due  to  the  insuffi¬ 
cient  number  of  times  these  tasks  occur  (in  an  average  LCOM 
simulation)  with  respect  to  the  specified  training  workload. 
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The  final  skill  mixture  relationship  requiring 
quantification  concerned  the  probability  that  a  specific 
maintenance  task  would  be  assigned  and  worked  by  a  5-level 
or  3-la'rel  technician.  The  method  used  to  capture  this  rela¬ 
tionship  was  derived  from  information  in  the  Comprehensive 
Occupational  Data  Analysis  Program  on  the  subject  workcenter 
AFSC  (328X1) .  Since  the  CODAP  data  reflects  the  average 
percent  time  which  the  survey  respondents  spend  on  a  wide 
variety  of  tasks,  a  CODAP  to  LCOM  mapping  scheme  was  developed 
to  gather  the  task  re.ated  information  in  CODAP  which  applied 
to  LCOM  tasks  represented  in  rhe  subject  workcenter.  The 
results  of  the  task  mapping  scheme  showed  only  28%  of  the 
work  represented  in  CODAP  could  be  mapped  to  LCOM.  This 
was  expected  since  CODAP  includes  administrative,  management, 
and  othe_  such  tasks  which  are  not  represented  in  the  LCOM 
data  base.  After  the  mapping  scheme  was  complete,  a  mathe¬ 
matical  transform; tion  of  the  CODAP  data  wa3  used  to  calcu¬ 
late  the  conditional  probability  of  a  3- level  or  5-level 
performing  the  task,  given  the  specific  task. 

The  methodology  summarized  above  was  intended  to 
capture  skill  mixture  relationships  using  simulation  tech¬ 
niques  and  the  Logistics  Composite  Model.  The  first  step 
in  determining  the  applicability  of  this  methodology  to  LCOM 
required  an  understanding  of  the  basic  network  structure 
within  LCOM.  Since  LCOM  does  not  distinguish  between  dif¬ 
ferent  skill  level  groups  within  the  manpower  resource  a 


105 


restructuring  of  the  basic  networks  to  account  for  two 
separate  manpower  resources  was  proposed  for  each  existing 
task.  In  order  to  capture  the  decision  structure  for  assign¬ 
ing  specifically  skilled  technicians  to  a  c/iven  task  with  a 
specified  difficulty,  a  resource  substitution  scheme  was 
required.  The  substitution  action  would  allow  the  simulation 
model  to  substitute  a  different  skill  level  resource  (in 
effect  choose  a  different  network  path)  for  the  primary 
resource,  when  the  primary  resource  is  not  available. 

Resource  substitution  capability  is  an  inherent  aspect  of 
LCOM  software;  however,  the  ability  to  transfer  the  resource's 
corresponding  task  time  distribution  is  not.  Thus,  although 
the  substitution  procedure  allowed  a  3-level  to  substitute 
for  a  5-level  when  necessary,  it  did  not  adjust  the  ability 
level  of  the  3- level  resource  with  respect  to  ta  k  times. 

In  order  to  alleviate  this  shortcoming  in  LCOM,  major  changes 
would  be  required  in  the  LCOM  software.  Such  changes  were 
not  pursued  in  this  thesis.  Instead,  a  framework  was  devel¬ 
oped  within  the  existing  LCOM  network  structure  which  would 
approximate  the  decision  structure  discussed  earlier.  Basi¬ 
cally,  it  involved  calculating  a  weighted  mean  task  time  for 
a  given  task,  based  on  the  probability  of  the  task  being 
worked  by  a  3-level  or  5-level.  Since  there  were  no  struc¬ 
tural  changes  to  the  LCOM  networks,  only  the  relevan'  task 
time  changes  for  each  task  performed  by  the  subject  workcen- 
ter  were  required.  This  procedure  was  relatively  simple 
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using  the  TKCNG  task  change  card  ability  in  LCOM  and  pro¬ 
vided  the  necessary  changes  for  representing  skill  mixture 
relationships . 

After  accomplishing  all  of  the  changes  and  procedures 
outlined  above,  the  application  of  this  LCOM  methodology  to 
distinguish  the  effects  which  skill  mixture  has  on  the  pro¬ 
ductivity  and  output  or  the  maintenance  workcenter  was 
investigated  using  a  full  factorial  research  design  for  skill 
mixture  and  number  of  people  in  the  workcenter.  The  simula¬ 
tion  results  were  collected  and  a  regression  analysis  per¬ 
formed  on  various  workcenter  productivity  and  output  statis¬ 
tics  .  Results  of  the  regression  analysis  showed  a  consis¬ 
tent  significant  impact  of  skill  mixture  on  the  workcenter' s 
capability.  The  analysis  concentrated  on  the  affects  which 
skill  mixture  had  (after  blocking  for  workload  variation)  on 
the  following:  workcenter  utilization  rate,  total  mainte¬ 
nance  man-hours  used,  total  workorders  backordered,  average 
tasks  in  backorder,  average  backorder  duration,  total  man¬ 
hours  backordered,  and  as  a  measure  for  productivity,  the 
number  of  tasks  accomplished  per  man-hot”'.  Specifically, 
the  impact  of  increasing  the  skill  mixture  in  the  workcenter 
(increasing  the  ratio  of  5-levels  to  3-levels)  showed  the 
following  results:  a  corresponding  decrease  in  utilization 
rate  by  a  factor  of  2,9898,  a  decrease  in  the  total  man-hours 
used  by  a  factor  of  17.19  hours,  a  decrease  in  the  number  of 
tasks  backordered  by  a  factor  of  4.04  backorders,  a  decrease 
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in  the  average  number  of  tasks  backordered  by  a  factor  of 
0.06  tasks,  a  decrease  in  the  average  backorder  duration  by 
a  factor  of  ,107  hour,  a  decrease  in  the  total  man-hours 
backordered  by  a  factor  of  28.91  hours,  and  an  increase  in 
the  productivity  measure  by  a  factor  of  .06  tasks  per  man- 
hou~.  Overall,  the  ability  of  the  regression  models  to 
account  for  the  variability  associated  with  the  workcenter’s 
productivity  and  output  statistics  ranged  from  23%  to  86%. 
From  these  results,  one  may  conclude  that  skill  mixture 
affects  provide  a  distinguishable  impact  on  the  productivity 
and  output  of  the  maintenance  workcenter.  Thus,  the  appli¬ 
cation  of  the  LCOM  methodology  developed  in  this  research  may 
be  a  useful  tool  to  manpower  personnel  using  LCOM  in  the 
manpower  determination  process. 

Recommendations  for  Further 
Researcn 

There  are  several  areas  in  this  research  topic  which 
can  be  pursued  further.  First  is  predicting  3-level  task 
times  in  those  tasks  which  take  less  than  0.5  hours  for  a 
5-level  technician  to  perform.  A  regression  predictor  model, 
such  as  developed  in  this  research,  which  covers  the  full 
spectrum  of  task  times,  would  be  beneficial  for  further  use 
of  this  technique  in  predicting  3-level  times  for  the  LCOM 
methoa„logy  presented  in  this  thesis. 

Another,  more  complicated  area  for  further  research 
would  be  to  test  the  sensitivity  of  CODAP  survey  techniques 


to  skill  level  mixture  effects  for  individual  survey  groups 
with  different  skill  mixtures.  If  the  percent  time  spent 
by  each  skill  level  group  on  each  task  does  not  change  but 
remains  constant  as  the  skill  mixture  of  the  group  varies, 
then  CODAP  survey  techniques  are  not  sensitive  to  the  skill 
mixture  changes.  Knowledge  about  this  aspect  of  CODAP  will 
further  validate  the  methods  used  in  this  thesis  to  develop 
the  3-level  and  5-level  task  probabilities.  As  a  follow-on 
to  this  same  area,  further  research  to  develop  a  survey  tool, 
similar  to  the  CODAP  job  inventory  survey,  which  more 
accurately  depicts  the  tasks  as  represented  and  used  in  the 
LCOM  simulations,  is  needed.  This  will  alleviate  having  to 
cross  reference  and  map  the  CODAP  information  to  the  LCOM 
tasks.  Also,  as  a  corrollary  to  this,  further  research  is 
needed  to  incorporate  into  LCOM  many  of  the  administrative 
and  management  tasks  shown  by  CODAP  as  requiring  manpower 
resources  but  not  represented  in  LCOM.  This  source  of  man¬ 
power  demand  could  have  an  affect  on  capabilities  and  manning 
requirements.  An  alternate  or  smaller  sized  simulation 
model  may  be  appropriate  for  resolving  the  skill  mixture 
problem  and  incorporating  these  administrative  and  manage¬ 
ment  tasks  discussed  above.  As  such,  further  research  can 
be  applied  towards  expanding  the  Q-GERT  framework  presented 
in  Chapter  2  of  this  report  and  developing  a  full  structural 
model  of  all  the  management  relationships  and  decision 
structures  that  occur  '  the  workcenter,  many  of  which  were 


not  discussed  here.  The  simulation  model  could  then  be  used 
to  answer  many  of  the  workcenter  specific  questions  which 
LCOM  does  not  model. 

As  a  final  recommendation  for  further  research,  a 
capability  within  the  LCOM  software  should  be  developed 
which  will  adjust  the  task  time  distribution  parameters  when 
a  substitution  occurs.  This  will  allow  for  the  appropriate 
task  time  to  be  matched  to  the  manpower  resource  assigned  to 
the  task.  Such  a  capability  not  only  has  impacts  on  the 
skill  mixture  problem  preserved  in  this  research  but  also  on 
substitutions  which  currently  occur  in  LCOM  simulations  of 
Production  Oriented  Maintenance  Organizations.  In  these  POMO 
simulations,  a  nonprimary  technician  may  be  assigned  to  per¬ 
form  a  cl os s- utilisation  task.  Since  this  kind  of  task  is 
not  the  technician's  primary  area  of  responsibility,  chances 
are  it  will  take  the  technician  longer  to  perform  the  task. 

If  the  task  time  substitution  capability  is  incorporated  into 
LOOM  software,  the  methodology  for  modifying  the  networks 
directly  and  using  the  substitution  scheme  presented  in 
Chapter  3  would  be  a  feasible  approach  for  analyzing  skill 
mixture  affects  on  the  workcenter  and  would  also  be  another 
area  for  further  research. 

In  conclusion,  this  report  has  presented  a  basic 
framework  for  studying  the  skill  mixture  problem  with  LCOM. 

It  has  presented  some  clear-cut  evidence  that  LCOM  can  resolve 
some  of  the  skill  level  effects  on  the  workcenter' s 
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performance.  With  the  added  capability  of  adapting  the  LCOM 
software  to  allow  for  task  time  parameter  modification  upon 
resource  substitution,  it  is  promising  that  LCOM  could  be 
useful  in  determining  appropriate  skill  mixtures  for  a  given 
workcencer.  If  this  is  not  possible,  a  smaller  scale  simula¬ 
tion  model  on  the  workcenter  level  can  be  used  to  address 
these  same  issues. 


Ill 
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appendix  a 

Q-GERT  NETWORK  SYMBOLS 
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This  appendix  was  abstracted  from  Alan  Pritsker's 


text,  Modeling  and  Analysis  Using  Q-GERT  Networks,  1979, 
and  contains  the  descriptions  of  all  the  Q-GERT  network 
symbology  used  in  developing  the  structural  modal  of  the 
maintenance  workcenter  in  Chapter  2. 
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Symbol 


uST 


Definition 

Rf  is  the  number  of  incoming  transactions  required 
to  release  the  node  for  the  first  time. 

Rs  is  the  number  of  incoming  transactions  required 
to  release  the  node  for  all  subsequent  times. 

C  is  the  criterion  for  holding  the  attribute  3et  at  a 
node. 

S  is  the  statistics  collection  type  or  marking. 

C#  is  the  node  number. 

)  indicates  deterministic  branching  from  the  node. 

indicates  probabilistic  branching  from  the  node. 

I  is  the  initial  number  of  transactions  at  the  Q-nodt. 
M  is  the  maximum  number  of  transactions  permit¬ 
ted  at  the  Q-node. 

R  is  the  ranking  procedure  for  ordering  transactions 
at  the  Q-node. 

#  is  the  Q-node  number. 


D> 


Pointer  to  a  source  node  cr  from  a  sink  node. 


IP)  IQ.PSI 

a  <g> 


P  is  the  probability  of  taking  the  activity  (only  used 
if  probabilistic  branching  from  the  start  node  of 
the  activity  is  specified). 

D  is  the  distribution  or  function  type  from  which 
the  activity  time  is  to  be  determined. 

PS  is  the  parameter  set  number  (or  constant  value) 
where  the  parameters  for  the  activity  time  are 
specified. 

E  is  the  activity  number 

®  is  the  number  of  parallel  servers  associated  with 
the  activity  (only  used  if  the  start  node  of  the  ac¬ 
tivity  is  a  Q-r.ode). 

Routing  of  a  transaction  that  balks  from  a  Q-node. 

This  symbol  can  not  emanate  fxom  a  regular  node. 


Blocking  indicator  (only  used  with  Q-nodes  that  cun 
force  preceding  service  activities  to  hold  transac¬ 
tions  because  the  Q-node  is  at  its  maximum 
capacity). 


i 

1 

i 
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Symbol 


r 

□ 

A 

D 

E 

t 

_ 

_ 

Concept  Definition _ _ 

A  is  the  attribute  number  to 
Value  which  a  value  is  to  be  as- 

Assignment  signed;  if  A  4-  is  specified, 
add  value  to  attribute  A; 
if  A-  is  specified,  subtract 
value  from  attribute  A. 

D  is  the  distribution  or 
function  type  from  which 
assignment  value  is  to  be 
determined. 

PS  is  the  parameter  set  num¬ 
ber. 

Queue  R  is  the  ranking  procedure 
Ranking  for  ordering  transactions 

at  the  Q-node.  R  can  be 
specified  as:  F  -*  FIFO;  L 
-»  LIFO;  E/i  -*■  Big  value 
of  attribute  i.  S/i  ->  Small 
value  of  attribute  i.  If  i= 
M,  ranking  is  based  on 
mark  time. 


Conditional,  r-j  indicates  conditional-take 

Take-First  [_J  first  branching  from  the 

Branching  node. 

Conditional,  I  I  indicates  conditional-take 

Take-all  M  all  bra  *\:ng  from  the 

Branching  node. 

Condition  Speci-  C  is  the  condition  specifica- 
fication  for  tion  for  taking  the  activi- 

Branch  ty  (see  Table  5-1). 


Attribute  Based  If  P<1.0,  P  is  the  probability 
Probabilistic  of  taking  the  activity. 

Branching  If  Psl,  P  is  an  attribute 

number. 
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Symbol 


Concept  Definition 


QSR 

# 

SSR 

Selector  node  QSR  is  the  queue  selection  rule 
or  S-node  for  routing  transactions  to 

or  from  Q-nodes  (see  Ta¬ 
ble  5-2). 

SSR  is  the  server  selection  rule 
for  decidi'  »  which  server 
to  make  busy  if  a  choice 
exists  (see  Table  5-3). 

#  is  the  S-node  number. 


Routing 

Indicator 


Assembly 
by  S-nodes 


Blocking 


Balking 


Match 

Node 


Routing  indicator  for 
transaction  flow  to  or  from 
Q-nodes  to  S-nodes  or 
Match  nodes 

ASM  is  the  queue  selection  rule 
that  requires  transactions 
to  be  assembled  from  two 
or  more  queues. 


Blocking  at  an  S-node. 


Balking  from  an  S-node. 


#  is  the  match  node  number. 
Transactions  are  routed 
from  Ni  to  Ni  arid  Nj  to 
N<  when  a  match  occurs. 

A  is  the  attribute  number  on 
which  the  match  is  to  be 
made 


Symbol 


Concept  Definition 


Nodal 

Modification 


#  is  the  activity  number 
causing  nodal  modifica¬ 
tion. 

Nt  is  the  node  number  to 
bo  replaced  when  activ¬ 
ity  #  is  completed. 

N2  is  node  number  to  be 
inserted  when  activity  # 
ia  completed. 


FREE  NODES 


The  FREE  node  allows  transactions  to  make  resources  available.  At  the 
FREE  node,  the  resource  type  and  the  units  of  the  resource  to  be  freed 
are  prescribed.  Both  of  these  quantities  can  be  integer  or  attribute  num¬ 
bers.  Thus,  the  resource  number  and  the  number  of  units  to  be  freed  can 
be  carried  as  attributes  of  the  transaction  arriving  to  the  FREE  node. 
Branching  from  a  FREE  node  can  be  DETERMINISTIC,  PROBABIL¬ 
ISTIC,  or  CONDITIONAL.  The  FREE  node  can  have  associated  with 
it,  a  list  of  ALLOCATE  nodes  where  the  resources  freed  axe  to  be  reallo¬ 
cated.  The  symbol  for  the  FREE  node  is  shown  below. 


Resource  Type 
Number  ^ 


Number  of  Units 
to  Free 


FREE  Node 
Number 


^VList  of  ALLOCATE 
Node  Numbers 


iI8 


Queue  Selection 
Ruie 


fiTV 


allocate 

Node 

/ 


^ VI  I  X  Resource  Type 
Number 

Number  of  Units 
lo  be  Allocated  - 


r  — 

QSR 

XJ 

C  Pi 
on 

t 

Quc.’es  for  Transactions 
Waiting  for  U  Units  of 
Resource  Type  RES 


Node 

Number 


Nodes  vo  Which  Transactions 
Are  Routed  When  Resources 
Are  Assigned  to  the 
Transaction 


Thsi  ALLOCATE  node  resembles  the  S-node  in  shape  and  in  the  fact 
that  transactions  wait  in  Q-nodes  that  precede  it.  However,  it  differs 
from  i;  graphically  in  two  respects: 

1)  three  spaces  are  available  for  information  on  the  input  side  of  the 
ALLOCATE  node’  and 

2)  das, ted  lines  are  used  on  both  the  input  and  output  sides  of  the 
ALLOCATE  node  in  the  same  fashion  as  the  MATCH  node. 

An  important  observation  is  that  Q-nodes  preceding  ALLOCATF 
nodes  must  reference  ALLOCATE  nodes  in  Field  10  and  beyond  in  tl-e 
same  manner  as  S-nodes  and  MATCH  nodes  are  referenced  by  proced- 
ir.g  Q-nodes,  On  the  input  side  of  the  ALLOCATE  node,  the  following 
information  is  prescribed1 2 3 

1)  tha  queue  selection  rule  (QSR)  which  can  be  any  of  those  pre¬ 
scribed  for  an  S-node  except  the  ASM  rule; 

2)  the  resource  number,  RES,  of  the  resource  type  to  be  allocated; 
and 

3)  the  number  of  units,  XJ,  of  RES  to  be  allocated  to  each  transaction 
at  the  ALLOCATE  node. 
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Distribution  and 
Function  Types 
(See  Table  2-1) 

Parameter  Values* 
(See  Figure  3-2) 

Code 

1 

2 

3 

4 

AT 

Attribute 

• 

_ 

— 

BE 

Beta 

a 

b 

<T 

BP 

Beta  PERT 

m 

a 

b 

- 

CO 

Constant 

• 

- 

- 

ER 

Erlang 

a 

b 

k 

EX 

Erponential 

M 

a 

b 

- 

GA 

Gamma 

f* 

a 

b 

a 

IN 

Incremental 

- 

- 

- 

- 

LO 

Lognormal 

U 

a 

b 

cr 

NO 

Normal 

P 

a 

b 

1 7 

PO 

Poisson 

M-a 

a 

b 

- 

TR 

Triangular 

m 

a 

b 

- 

UF 

User  Function 

- 

- 

- 

- 

UN 

Uniform 

a  b 

*  — *not  used;  fi~*  mean;  <r~»  standard  deviation; 
ns  — »  uuuc,  a  — -  uiiniuiuuu  or  optimistic  time; 
b  -♦  maiimun:  or  pessimistic  time. 

Bunching  Condition  Coda 

Queue  Selrctioe  Rules 

Server  Selection  Rules 

(Set  Title  (-1) 

(Set  Title  5-2) 

(See  Table  5-3) 

Code  Key 

Code 

Key 

Code 

Key 

T '.AS.  Time  ,/t.  Value 

POR 

Prtferrtd  trder 

PCR 

Preferred  order 

TVf.Ak  Time  Jt.  Attribute  k 

CYC 

Cyclic 

CYC 

Cyclic 

Aj./f.V.  Attribute  jVL  Vilue 

RAlN 

Rend  ora 

RAN 

Rindom 

Aj.^AkAltribuU  j/f.  Attribute  k 

LAV 

Largest  average  number 

LBT 

Largest  busy  time 

where  /?-iLT;LE, EQ,NE,-CT;  or  C,E| 

SAV 

Smalket  ivenge  number 

SBT 

Smallest  busy  time 

LWF 

Longest  wailing  of  first 

[LIT 

Longest  idle  time 

NiTt  Node  i  Reletsed 

SWF 

Shortest  wiiting  of  first 

SIT 

Shortest  idle  time 

Ni.N  Node  i  Not  Released 

LNQ 

Ljr{nt  number  in  queue 

PFS 

Probabilistic  from 

NAj  R  Node  Aj  Released 

SNQ 

Smaiint  number  in  queue 

(re*  servers 

NAj.N  Node  Aj  Not  Releaaed 

LNB 

Largest  number  of  balken 

SNB 

Smallest  number  of  bolters 

LRC 

Largest  remaining  capacity 

SRC 

Smallest  remaining  capacity 

ASM 

Assembly  mode 

APPENDIX  B 


CODAP  TASK  CODE  DEFINITIONS 


This  appendix  was  abstracted  from  the  Job  Inventory 
for  the  Avionics  Navigation  Systems  Career  Ladder,  AFSC 
323X1,  32894  and  32900,  Report  Number  AFPf  90-328-379, 
dated  January  1979.  This  appendix  lists  the  CODAP  task 
numbers  and  their  description,  which  corresponds  to  the 
CODAP  Data  used  in  this  report. 


122 


79  . 


Inspect  completed  jobs 


1  o4 . 

Adjust  frequency  modulation  (FM) 

systems 

•<>5  . 

Adjust  ultra  high  frequency  (UHF) 

rece  \ " 

o.  r 

transmitters 

.UO  . 

Adjust  very  inch  frequency  (VHF) 

syc Lems 

i 

lo7  . 

Perform  on-equipment  operational 

checks 

o  f 

FM  sysLems  1 

168. 

Perform  on-equipment  operational 
systems 

checks 

of 

interphone 

169 . 

Perform  on-equipment  operational 

checks 

of 

UHF  systems 

'  170. 

Perform  on-equipment,  operational 

checks 

of 

VRF  systems 

171. 

Remove  or  install  FM  antennas 

172. 

Remove  or  install  FM  control  boxes 

173.  Remove  or  install  FM  receiver-transmitters 


174.  Remove  or  install  interphone  control  boxes  , 

175.  Remove  or  install  interphone  cords 

176.  Remove  cr  install  UHF  antennas 

177.  Remove  or  install  UHF  control  boxes 

178.  Remove  or  install  UHF  mounts  "  ’  | 

179.  Remove  cir  install  UHF  receiver-transmitters 

180.  Remove  or  install  VHF  antennas  ~  , 

181.  Remove  or  install  VHF  control  boxes 

182.  Remove  or  install  VHF  receiver-transmitters 

183.  Troubleshoot  FM  antennas  ” 

184.  Troubleshoot  FM  control  boxes  ’  '  ~ 

185.  Troubleshoot  FM  receiver- transmitters 

186.  Troubleshoot  interphone  control  boxes  " 

187.  Troubleshoot  UHF  antenna  systems 

188.  Troubleshoot  UHF  control  boxes 

1S9.  ~ Troubleshoot  UHF  receiver-transmitters  ~~ 

190/  Troubleshoot  VHF  antennas  ----- . - 

1 9 1 .  -  Troub leshoot  VHF  control  boxes  ~  ~~ 

IV2.  Troubleshoot  VKF  recciver-LiaLisujitteis 
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H.  PERFORMING  GENERAL  AIRCRATT  NAVIGATIONAL 
_ SYSTEMS -MAINTENANCE _ 


222.  Adjust  navigational  pressurization  systems 

223.  Align  navigational  pressurization  systems 

224.  Clean  parts  or  components 


225-  Diagnose  mock-up  malfunctions 

226.  Diagnose  test  equipment  malfunctions 

227-  Dust  navigational  equipment,  aerospace  ground 

__  equipment  (AGE),  or  test  equipment  _ ____ _ 

228.  Forward  test  equipment  to  precision  measuring 

_ equipment  laboratory  (PMEL) _ _ _ 

229.  Inspect  desiccants  ! 

230.  Inspect  navigational  equipment  for  corrosion 

231.  Inspect  parts  received  from  supply  or  manufacturers 

232.  Inspect  waveguides  (other  than  in  rendezvous  radar  beacon 

systems)  _ 

2,33.  Locate  maintenance  information  in  technical  publications 

or  Air  Force  technical  orders  (TO) _ _ 

234.  Maintain  physical  security  of  AIMS  components,  data, 

or  publications  __ _ _ 

235 Paint  “navigational  equipment 

236i~  Perfonn~i1ipfogress~dr~crTtical  step  inspections 

237.  Perform  operational  checks  of  navigational  pressurization 
systems 

<238.  Perform  TCTO  modifications  on  bearing  distance  heading 

indicator  (BDHI)  equipment _ _ ___ 

239“  Perform  TCTO  modifications  on  forward-looking  radar, 
multi-mode,  or  terrain-following  radar  systems 
£40.  Pei iotii’TCTO  modifications  on' IFF/ S IF /AIMS  equipment 

241.  ”  Perform  TCTO  modifications  on  long- range- navigation 

(LORAN)  equipment 

242.  Pexform  TCTO  modificatio ns  on  navigati o n’t eVt~e quYpmen t 

243.  ’“Perform  TCTO  modifications “on  “radio/ radar “altimeter 

equipment 

..44.  Perform  TCTO  modif i catioas~ohT rendezvous “fada'r'beacdn 
equipment 

'■'-45.  Perform  TCTO  modifications  on  “search  radar’ equipment 
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246.  'Perform  TCTO  modifications  on  station  keeping  equipment 

(SKE)  _  _ 

247.  "Perform  TCTO  modifications  on  tactical  air  navigation 

(TACAN)  equipment 

248.  'Perform  TCTO  modifications  on'very  high  frequency  omni 

range  (VOR)  ILS  equipment 

249.  "Perform  time  compliance  technical  order  (TCTO)  modifies 

tions  on  automatic  direction  finder  (ADF)  equipment 

250.  Remove  or  replace  "aircraft"  insp'ection''plates  or  panels  " 


251.  Remove  or  replace  desiccants 

252.  Remove  orreplace  multiple'wire  plugs  j 


2.53."  Remove  or  replace  navigational' pressurization  system 
barometric  switches 


254. 

Remove  or  replace  navigational  pressurization  system  | 

control  boxes 

255~ 

Remove  or  replace  navigational  pressurization 
system  lines 

256  ~ 

Remove  or  replace  navigational  pressurization 
system  pumps 

251." 

Remove  or  replace  navigational  pressurization  system 
waveguides 

'256  7 

Remove  or  replace  navigational  system  relays 

”2597' 

Remove  or  replace  navigational  system  wiring  or 
cables 

260 ; " 

Remove  or  replace  radio  frequency  (RF)  coaxial  connectors 

261 7 

Safety  wire  or  bond  system  components 

262  7 

Set  up  iligiitline  maintenance  stands 

”263." 

Test  continuity  of  coaxial  cables 

264. 

Test  or  evaluate  new  or  modified  equipment 

2657” 

Trace  circuits  or  signals  using  wiring  diagrams  or 
schematics 

2667 

Treat  navigational  equipment  for  corrosion  by  using 
chemicals,  scraping,  or  recoat  with  conformal  coatings 
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- J.  MAINTAINING  RENDEZVOUSTfADAR  BEACON  SYSTEMS 

- .  '  ON-EQUIPMENT  MAINTENANCE  ! 

531.  Inspect  rendezvous  radar  beacon  "waveguides  for  corrosion 

or  moisture  _ _ _ ; 

132.  Operate  associated  systems  “cKcck'ing*  rendezvous  radar  f  \ 

beacons  _  .  ! 

133.  Operationally  check  rendezvous- radar  beacon  systems  I 

334.  -Perform  operational  checks'  'on  rendezvous  radar  "beacon- Using  j 

aircraft  search  and  weather  radar  systems 

335.  — Perform  operational  checks-oa- rendezvous  'radar‘beacbh_using  ' 

rendezvous  radar  beacon  system  flightline  test  equipment  i 

336.  Remove  or  replace  rendezvous  radar  beacon  antennas 


337. 

Remove  or  replace  rendezvous  radar  beacon  control  units 

338. 

Remove  or  replace  rendezvous  radar  beacon  cooling  fans 

339. 

Remove  or  replace  rendezvous  radar  beacon  equipment  mounts 

340. 

Remove  or  replace  rendezvous  radar  beacon  interface  pulse 
amplifiers 

341. 

Remove  or  replace  rendezvous  radar  beacon  receiver- 
transmitters 

342. 

Remove  or  replace  rendezvous  radar  beacon  waveguide 
assemblies 

343. 

Troubleshoot  rendezvous  radar  beacon  systems  _ 

K.  MAINTAINING  RADIO/RADAR  ALTIMETERS 

1 

1 

ON-EQUIPMENT  MAINTENANCE 

361. 

Adjust  radio/radar  altimeter  systems 

362. 

Align  radio/radar  altimeter  systems 

163.  Operate  associated  systems  checking  radio/radar  altimeters 


164.  Perform  operational  check  of  radio/radar  altimeter  using 

-  BITE  or  self-tests - - 

165.  Perform  operational  checks  of  radio/ radar  altimeter  using 

---  -radio/radar  altimeter  S lightline  test  equipment _ 

566.  Remove  or  replace  radio  altimeter  cooling  fans 

567.  Remove  or  replace  radio/radar  altimeter  amplifiers 

568.  Remove  or  replace  radio/radar  altimeter  antennas 

569.  Remove  or  replace  radio/radar  altimeter  equipment  mounts 

>70.  Remove  or  replace  r3dio/radar  altimeter  indicators 

571.  Remove  or  replace  radio/radar  altimeter  power  supplies 

>72.  Remove  or  replace  radio/radar  altimeter  receiver- 

transmitters  _ _  _  ... _ _  .  .  . 

573.  Troubleshoot  radio/radar  altimeter  systems 
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L.  MAINTAINING  AIRBORNE  IDENTIFICATION  SYSTEMS 
ON-EQUIPMENT  MAINTENANCE 


403.  Key  IFF/SIF/AIMS  equipment 

404.  Operate  associated  systems  checking  IFF/SIF/AIMS  systems 

4 05.  Operationally  check  IFF/SIF/AIMS  systems 

406.  Perform  operational  checks  of  IFF/SIF/AIMS  systems  using 

BITE  .  _  _  _ _ _ 

407.  Perform  operational  checks  using  IFF/SIF/AIMS  flightline 


test  equipment _ _  _ _ 


408. 

Remove  or  replace 

IFF/SIF/AIMS 

antenna  switching  units 

409. 

Remove  or  replace 

IFF/SIF/AIMS 

antennas 

410. 

Remove  or  replace 

T.FF/S1  '/AIMS 

built-in  test  sets 

4ii. 

Remove  or  replace 

IT  r/SIF/AIMS 

control  units 

412. 

Remove  or  replace 

IFF/SIF/AIMS 

equipment  mounts 

413. 

Remove  or  replace 

IFF/SIF/AIMS 

interrogators 

414. 

Remove  or  replace 

IFF/SIF/AIMS 

KIT  computers 

415. 

Remove  or  replace 

IFF/SIF/AIMS 

receiver- transmitters 

416. 

Set  IFF/SIF/AIMS 

codings 

417 .  Troubleshoot  IFF/SIF/AIMS  systems 
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■  M.  MAINTAINING  TACTICAL  AIR  NAVIGATION  (TACAN)  SYSTEMS 
AND  ASSOCIATED  INSTRUMENTATION  EQUIPMENT _ 

ON-EQUIPMENT  MAINTENANCE  ~ 

492.  Adjust  TACAN  system  line  replaceable  units  (LRU) 

493. '  Align  TACAN  system  LRU 

<f94.  Operate  associated  systems  checking  BDHI 


495. 

Operate  associated  systems  checking  TACAN  systems 

496/ 

Operationally  check  BDHI  indicators 

■"*  '  " 

497. 

Operationally  check  BDHI  selector  panels 

498. 

Operationally  check  navigation  selector  panels 

499. 

Operationally  check  TACAN  systems  using  ground  stations 

500. 

Perform  operational  checks  of  TACAN  systems  using 
fliRhtline  test  equipment 

TACAN 

501. 

Perform  operational  checks  of  TACAN  systems  using 
BITE 

TACAN 

502. 

Remove  or  replace  BDHI  indicators 

503. 

Remove  or  replace  BDHI  selector  panels 

504. 

Remove  or  replace  navigation  selector  panels 

505. 

Remove  or  replace  TACAN  antenna  selector  switches 

506. 

Remove  or  replace  TACAN  antenna  selectors 

507. 

Remove  or  replace  TACAN  antennas 

508. 

Remove  or  replace  TACAN  control  units 

509. 

Remove  or  replace  TACAN  equipment  mounts 

510. 

Remove  or  replace  TACAN  indicators 

511. 

Remove  or  replace  TACAN  instrumentation  couplers 

! 

i 

512. 

Remove  or  replace  TACAN  mount  airflow  filters 

I 

513. 

Remove  or  replace  TACAN  mount  power  relays 

514. 

Remove  or  replace  TACAN  phase  comparators 

515. 

Remove  or  replace  TACAN  receiver-transmitters 

516. 

Troubleshoot  BDHI  systems 

517.  Troubleshoot  navigation  selector  panel  systems 

518.  Troubleshoot  TACAN  systems 
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APPENDIX  C 

F-4E  OPERATIONAL  SCENARIO 
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This  appendix  was  abstracted  from  the  LCOM  Manpower 


Standards  Final  Report  for  the  F-4E  model  used  in  this 
study.  Changes  were  annotated  where  applicable  to  represent 
the  scenario  used  in  this  thesis.  The  F-4E  model  used 
was  a  peacetime-CONUS  version  structured  for  a  production- 
oriented  maintenance  organization. 


Purpose 


The  parameters  as  outlined  herein  will  be  used  for 
guidance  and  input  during  LCOM  simulation  of  F-4E  maintenance 
activities  in  a  peacetime  environment.  These  parameters  will 
aid  in  designing  work  flow  processes  and  sortie  scheduling. 


Organization 

The  wing  structure  will  be  as  outlined  in  AFR  66-5 
and  will  include  a  Deputy  Commander  for  Maintenance  Staff 
agency  and  three  maintenance  squadrons. 


Operations 

1.  Mission  Types;  (identified) 

a.  A-G  =  Air- tc-Ground 

b.  A-A  =  Air-to-Air 

c.  MAV  ~  MAVERICK 

d.  DART  =  Target  Tow 

e.  FCF  =  Functional  Check  Flight 

f.  ALRT  =  ALERT  -  Air-to-Air 

2.  Mission  Scheduling  Factors:  (See  Table  C-l) 
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TABLE  C-l  (continued) 
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3.  Scheduling  Policy: 

a.  Weather  Data:  Weather  effects  are  not 
accounted  for  in  these  simulations. 

b.  Spare  Policy:  Spare  aircraft  will  be  pre¬ 
pared  for  the  first  of  each  mission  type  each  day. 

c.  Day/Night  mission  definition: 

(1)  Day :  0600  -  1800 

(2)  Night:  1800  -  0600 

d.  Ground  Alert 

(1)  Two  (2)  aircraft  per  wing  will  be  dedi¬ 
cated  to  10  minute  alert,  24  hrs/day,  7  days/week. 

(2)  Launch  three  (3)  two  (2)  ship  missions 
per  week,  replenish  in  2.0  hours  after  launch. 

e.  Sortie  Rate:  The  monthly  utilization  rate 
will  be  a  minimum  of  21  sorties/acf t/month.  Sortie  length 
will  vary  by  mission  type. (se 

f.  Quick  Turn  Procedures:  Combat  quick  turn 
will  not  be  used 

Maintenance 

1.  Cross-utilization  will  not  be  used,  shop  dis¬ 
patch  will  not  be  modeled. 

2.  Preflight,  Thru  Flight,  Post  Flight  and  LOX  ser¬ 
vicing  will  be  accomplished  in  accordance  with  T.Q.  00-20-5 
and  T.O.  1F-4C-6  requirements. 
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3.  Aircraft  refueling  will  be  single  point  from  a 
refueling  truck  or  refueling  pit.  This  will  be  accomplished 
within  30  minutes  after  aircraft  has  landed  unless  precluded 
by  unscheduled  maintenance. 

4.  Avionic  equipment  code  setting  will  be  accom¬ 
plished  prior  to  the  first  sortie  of  the  day. 

5.  Line  Replaceable  Unit  (LRU)  remove  and  replace 
maintenance  will  be  used  to  accomplish  on-equipment  work. 

6.  Supply  will  be  unconstrained. 

7.  Scheduled  Maintenance: 

a.  Phase  inspection  will  be  a  600  hour  inspec¬ 
tion  cycle  with  six  (6)  10 J  hour  inspections. 

(1)  Hour  inspections  100,  200,  400,  and  500 
will  be  minor  and  able  to  be  accomplished  on  the  flight  line. 

(2)  Hour  inspections  300  and  600  are  major 
and  will  require  the  aircraft  to  be  towed  into  the  inspec¬ 
tion  dock. 

b,  A  calendar  Postflight  inspection  will  be 
accomplished  every  seven  (7)  days. 
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APPENDIX  D 

RESULTS  OF  TIIE  3-LEVEL  TASK  TIME 
QUANTIFICATION  PROCEDURE 
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This  appendix  contains  the  data  used  in  the  task 
time  regression  procedure  from  SPSS  in  order  to  develop 
the  3- level  task  tj.me  predictor  model;  and,  the  SPSS  computer 
output  of  the  f ilia]  regression  results.  Data  points  1 
through  20  are  from  the  surveys  conducted  by  TAC/XPM  and 
data  points  21  through  39  were  abstracted  from  the  data 
used  by  Howell  in  his  doctoral  dissertation.  Refer  to 
Chapter  4  for  the  analysis  of  the  results. 
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TABLE  D-l  (continued) 
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TABLE  D-l  (continued) 
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APPENDIX  E 

REGRESSION  RESULTS  ON  THE  WORKCENTER 
PERFORMANCE  INDICATORS 


1  A  1 


This  appendix  contains  the  SPSS  compute.:  output  for 
each  of  the  regression  models  of  the  workcenter  performance 
indicators  as  presented  in  the  Research  Design  sec-cion  of 
Chapter  3.  Refar  to  Chapter  4  for  analysis  of  these 
regression  models. 
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QUANTIFICATION  PROCEDURE 


3  51 


This  appendix  provides  the  complete  results  of  the 
work  probability  quantification  procedure  for  each  skill 
mixture  combination  required  by  the  research  design  presented 
at  the  end  of  Chapter  3.  This  procedure  involved  transform¬ 
ing  the  conditional  probability  table  obtained  from  the  CODAP 
to  LCOM  mapping  scheme  to  a  joint  probability  table,  and 
then  transforming  the  joint  probability  table  to  the  condi¬ 
tional  probability  table  giving  the  probability  that  a  given 
task  will  be  performed  by  a  3-level  or  5-level.  The  exact 
procedures  for  these  probability  table  transformations  are 
given  in  Chapter  3.  Refer  to  Chapter  4  for  the  analysis 
of  this  procedure. 
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